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1 Executive summary and conclusion 

DHI provides independent biological performance evaluation of ballast water 

management systems (BWMS) for the type approval process. The purpose of the 

performance evaluation is to assure that BWMS approved by administrations are capable 

of meeting the ballast water discharge standard in Regulation D-2 /1/, also known as the 

IMO D-2 standard, in land-based and shipboard evaluations and do not cause 

unacceptable harm to the vessel, crew, environment or public health. The United States 

Coast Guard Standards for Living Organisms in Ships’ Ballast Water Discharged in U.S. 

Waters /2/ (§151.2030) establish a ballast water discharge standard similar to the IMO D-

2 standard. According to the U.S. Coast Guard, sampling and analyses for living 

organisms in shipboard performance evaluation of BWMS is to be conducted as 

described in the ETV protocol /3/. 

The objective of this project was to conduct a shipboard performance evaluation of the 

DESMI Ocean Guard A/S BWMS RayClean with the aim to meet the U.S. Coast Guard 

Standards /2/ and the testing requirements in Resolution MEPC.174(58) /4/, generally 

referred to as IMO G8 guidelines. From June 2013 through January 2014, DHI conducted 

a shipboard test of RayClean BWMS with DNV GL as classification society.  

A total of five biological efficacy (BE) test cycles were conducted on board M/V Thurø 

Mærsk. RayClean was operated by the vessel crew during all BE test cycles. DHI 

collected information relevant for the BE test cycles, and recorded operational 

observations when DHI staff was present during BE testing. DHI staff members were only 

present on the vessel during the BE test cycles and did not witness scheduled and 

unscheduled system maintenance performed on RayClean during the shipboard testing 

period.  

In test cycles Nos.1 to 3, ballast and de-ballast operations were conducted while the 

vessel was moored at the Alcântara Container Terminal in the port of Lisbon, Portugal. 

Test cycle No. 1 was conducted in June 2013 and test cycles Nos. 2 and 3 were 

conducted in November 2013. In test cycles Nos. 4 and 5, ballast operations were 

conducted while the vessel was moored at Porto Grande, Cape Verde, and de-ballast 

operations were conducted while the vessel was moored at Porto da Praia, Cape Verde. 

Test cycles Nos. 4 and 5 were conducted in January 2014. The holding time varied from 

approx. 5 to 47 hours for treated water and from 5 to 49 hours for control water. 

RayClean was tested at salinities ranging from 30 to 37 practical salinity units (PSU) with 

water temperatures ranging from approx. 17 to 23°C. Table 1.1 summarizes the dates 

and locations of the shipboard test cycles.  
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Table 1.1 Dates and locations for RayClean shipboard test cycles 

Test cycle Location Operation Inlet Discharge 

No. 1* 

Alcântara 
Container 
Terminal, Port of 
Lisbon, Portugal 

Control 
2013.06.25 
15:45-16:50 

2013.06.25 
21:24-22:01 

BWMS 
2013.06.25 
18:12-19:33 

2013.06.26 
00:24-00:45 

01:00-01:22*** 

No. 2* 

Alcântara 
Container 
Terminal, Port of 
Lisbon, Portugal 

Control 
2013.11.01 
20:01-21:12 

2013.11.03 
12:40-13:26 

BWMS 
2013.11.01 
16:42-19:23 

2013.11.03 
09:04-09:52 

No. 3* 

Alcântara 
Container 
Terminal, Port of 
Lisbon, Portugal 

Control 
2013.11.01 
20:01-21:12 

2013.11.03 
12:40-13:26 

BWMS 
2013.11.01 
21:33-23:23 

2013.11.03 
14:01-14:47 

No. 4** 
Porto Grande; 
Mindelo, Cape 
Verde 

Control 
2014.01.27 
14:26-15:50 

2014.01.29 
16:52-17:12 

BWMS 
2014.01.27 
16:49-18:24 

2014.01.29 
15:58-16:39 

No. 5** 
Porto Grande; 
Mindelo, Cape 
Verde 

Control 
2014.01.27 
19:30-20:56 

2014.01.29 
22:10-22:31 

BWMS 
2014.01.27 
21:01-22:18 

2014.01.29 
20:53-21:36 

* Dates and times according to local time at location (GMT +0) 
** Dates and times according to local time at location (GMT -1) 
*** Deballast operation was interrupted for 15 minutes due to water in an electrical socket caused by a 

leaking DHI sampling unit. 

Samples were processed on board within the shortest possible time period. Samples for 

the enumeration of viable organisms ≥50 µm were analysed on board, and, for treated 

discharge samples, the total volume of each of the field replicates was analysed. 

Discharge samples for the enumeration of viable organisms in the ≥10 and <50 µm size 

class were transported to DHI Environmental Laboratory in Denmark, where analyses 

were initiated within 63 hours from sampling. Data for inlet water temperatures during BE 

test cycles, average sample temperatures during storage and transportation and time 

from sampling to analyses of organisms ≥10 and <50 µm in the discharge water are 

presented in Table 1.2. Detailed data for sample temperature logging during storage and 

transportation are available in Appendix 4, Tables A.4.1.1-A.4.1.5.  
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Table 1.2 Water temperature, temperature logging during storage and transportation 
and time from sampling to analyses of organisms ≥10 and <50 µm for 
control and treated discharge water samples 

Test 

cycle 

Analyses of 

organisms ≥10 

and <50 µm in 

discharge water 

Inlet 

water 

(°C) 

Storage on 

location (°C) 

Shipment 

to DHI (°C) 

Storage at DHI 

Environmental 

laboratory (°C) 

Time from 

sampling to 

analyses/ 

incubation 

No. 1 

Microscopy 
(CMFDA/FDA) 

17 7.4 15 

4.0 30 hours 

Re-growth  Not stored 25 hours 

No. 2 

Microscopy 
(CMFDA/FDA) 

19 2.4 9.7 

Not stored 34 hours 

Re-growth  Not stored 36 hours 

No. 3 

Microscopy 
(CMFDA/FDA) 

19 2.4 9.7 

Not stored 29 hours 

Re-growth  Not stored 31 hours 

No. 4 

Microscopy 
(CMFDA/FDA) 

22 5.8 10 

4.0 63 hours 

Re-growth  Not stored 53 hours 

No. 5 

Microscopy 
(CMFDA/FDA) 

22 5.8 10 

4.0 58 hours 

Re-growth  Not stored 48 hours 

 

The densities of viable organisms from the ≥50 µm size class identified in the inlet and 

control discharge water were in accordance with the IMO G8 guidelines /4/ and the U.S. 

Coast Guard requirements in all test cycles. In test cycles Nos. 1-5, the average densities 

of viable organisms ≥50 µm ranged from approx. 5,500 to 92,000 organisms/m
3
 in the 

inlet water, and from approx. 1,000 to 71,700 organisms/m
3
 in the control discharge 

water. The densities of viable organisms from the ≥10 and <50 µm size class in the inlet 

water were in accordance with the requirement in the IMO G8 guidelines and the ETV 

protocol in all test cycles, except for a minor deviation in test cycles Nos. 2 and 3, in 

which the average number of viable organisms in the ≥10 and <50 μm size class was 

determined to be 99 organisms/mL with a standard deviation of ±1.0 (instead of ≥100 

organisms/mL). This difference is considered negligible and without influence on the 

results. Furthermore, in the control discharge water from test cycles No. 2 and 3 the 

average density of viable organisms in the ≥10 and <50 μm size class was determined to 

be 106 organisms/mL. The average density of 99 organisms/mL in the inlet water from 

test cycles Nos. 2 and 3 was accepted by DNV GL in an email dated 19 November 2013 

as meeting the requirement for a valid test cycle. In test cycles Nos. 1, 4 and 5, the 

average densities of viable organisms ≥10 and <50 µm in the inlet water varied from 131 

to 375 organisms/mL when determined by inverted microscopy. Densities of viable 

organisms from the ≥10 and <50 µm size class in the control discharge water were in 

accordance with the IMO G8 guidelines and the ETV protocol in all test cycles. In the 

control discharge water in test cycles Nos. 1, 4 and 5, the average densities of viable 

organisms ranged from 16 to 149 organisms/mL when determined by microscopic 

analyses of chloromethylfluorescein diacetate/fluorescein diacetate (CMFDA/FDA) 

stained samples.  



  

EAT/11812728/Biological efficacy performance evaluation in shipboard test/RayClean/Final report/2014.10.23 7 

Table 1.3 summarizes the flow rates, UV transmittance (UV-T), UV intensity (UV-I) during 

ballast operations and the average numbers of viable organisms at discharge in water 

treated by RayClean. The viable organisms in the ≥10 and <50 µm size class were 

quantified by algal re-growth and addition of motile organisms without chlorophyll. DHI 

considers this quantification, which is also referred to as the most probable number of 

proliferating algae and addition of CMFDA/FDA-stained motile organisms without 

chlorophyll, the best available technique to determine viable organisms in the ≥10 and 

<50 µm size class after UV treatment. These stains react with non-specific esterases and 

intact stained cells fluoresce under the microscope. UV radiation causes damage to the 

cell DNA and prevents cell proliferation, but the esterase enzyme activity and the cell 

membrane may stay intact for several days. Table 1.4 summarizes the numbers of viable 

organisms in the ≥10 and <50 µm size class obtained by microscopic counting after 

staining with CMFDA and FDA.  

Table 1.3 Average flow rates, UV-T and UV-I during ballast operation and average 
numbers (three replicates) of viable organisms in treated water at discharge. 
Viable organisms ≥10 and <50 µm were quantified by the most probable 
number of proliferating algae and addition of CMFDA/FDA-stained motile 
organisms without chlorophyll 
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No. 1 211 252 70 88-137 5.2 0.44 <10 <10 Absent 

No. 2 195 315 53 40-205 9.4 0.35 <10 37 Absent 

No. 3 221 315 71 61-230 1.9 0.28 <10 <10 Absent 

No. 4 294 286 96 500 0 0.19 <10 107 Absent 

No. 5 294 273 92 500 0 <0.18 <10 <10 Absent 

* Volume recording and associated flow rate based on the vessel’s ballast tank level gauging system. 
Recordings may be uncertain as a result of heeling of the vessel. 

** UV-I reading at stable operating conditions 
*** Algal taxa and species confirmed able to grow under the conditions in the re-growth assay (per cent of 

the taxa and species identified in the inlet water of the respective test cycles). 
CFU Colony-forming units 

Colours: 
Green Compliance with the ballast water discharge standard 
Red No compliance with the ballast water discharge standard 
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Table 1.4 Average numbers (three replicates) of viable organisms ≥10 and <50 µm in 
treated water at discharge quantified by microscopic counting after staining 
with CMFDA and FDA.  

Test cycle 
Organisms ≥10 and <50 µm 

Microscopy after CMFDA/FDA staining (organisms/mL) 

No. 1 5.0 

No. 2 4.5 

No. 3 2.3 

No. 4 0.83 

No. 5 0.42 

 

The performance evaluation based on algal re-growth and addition of motile organisms 

without chlorophyll for the organisms ≥10 and <50 µm (Table 1.3) leads to the conclusion 

that the RayClean BWMS complied with the ballast water discharge standard in all test 

cycles. This evaluation is further supported by CMFDA/FDA microscopic enumeration of 

organisms ≥10 and <50 µm (Table 1.4). 

The trial period for shipboard testing started when the first valid and successful test cycle, 

test cycle No. 1, was performed during June 2013. The following four test cycles (test 

cycles Nos. 2, 3, 4 and 5) were also valid and successful. Thus, the treated ballast water 

at discharge was in compliance with Regulation D-2 /1/ for five consecutive and valid test 

cycles. Test cycle No. 5 was conducted in January 2014, seven months after the start of 

the shipboard trial period. Thus, the requirement of at least six months operation period of 

the BWMS for conduction of test cycles for biological efficacy performance evaluation 

was fulfilled. Based on shipboard test cycles Nos. 1 through 5, it can be concluded that 

efficacy of RayClean was in accordance with the requirements in the IMO G8 guidelines 

/4/ and complies with the U.S. Coast Guard Standards /2/ that prescribe confirmed 

efficacy of the BWMS according to the ballast water discharge standard during at least 

five consecutive valid test cycles. 

2 Introduction 

DHI is an independent, international consulting and research organisation established in 

Denmark and today represented in all regions of the world with a total of more than 1,000 

employees. Our objectives are to advance technological development, governance and 

competence in the fields of water, environment and health. DHI works with governmental 

agencies and authorities, contractors, consultants and numerous industries. 

DHI provides independent performance evaluation of ballast water management systems 

(BWMS) for the approval process. DHI has no involvement, intellectual or financial, in the 

mechanics, design or marketing of the products and technologies that are being 

evaluated. To ensure that DHI’s tests are uncompromised by any real or perceived 

individual or team bias relative to test outcomes, DHI’s test activities are subject to 

rigorous quality assurance (QA), quality control (QC) and documentation. DHI’s quality 

management system is certified according to ISO 9001 by DNV GL. The certification is 

facilitated by the implementation of the DHI Business Management System. 

The objective of this project was to conduct a shipboard performance evaluation of 

RayClean with the aim to meet the U.S. Coast Guard Standards /2/ and the testing 

requirements in Resolution MEPC.174(58) /4/, generally referred to as IMO G8 

guidelines. According to the U.S. Coast Guard, sampling and analyses for living 

organisms in shipboard performance evaluation of BWMS shall be conducted as 

described in the ETV protocol /3/.  
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3 Classification society 

The classification society appointed by the manufacturer for inspection and certification of 

the project is: 

DNV GL 

Veritasveien 1 

NO-1363 Høvik 

Norway 

4 Client 

The client requesting the performance evaluation is: 

DESMI Ocean Guard A/S 

Lufthavnsvej 12 

DK-9400 Nørresundby 

Denmark 

The client is the manufacturer of the RayClean BWMS. 

5 Testing laboratory 

DHI Denmark was recognized as a sub-laboratory to the Independent Laboratory headed 

by DNV GL by Letter of Acceptance from U.S. Coast Guard dated 11 June 2013. DHI’s 

Environmental Laboratory has an accreditation according to ISO 17025, which includes 

ecotoxicological studies and analyses related to performance evaluation of BWMS. 

Furthermore, the laboratory is authorized to carry out ecotoxicological studies in 

compliance with the OECD Principles of Good Laboratory Practice (GLP).  

DHI’s Environmental Laboratory and staff analysed all samples collected during the 

performance evaluation of BWMS.  

The shipboard test was carried out by: 

DHI 

Agern Allé 5 

DK-2970 Hørsholm 

Denmark 

6 Ballast water management system 

The BWMS examined in this performance evaluation was the DESMI Ocean Guard 

BWMS RayClean. The basic treatment principles of RayClean are mechanical filtration 

and UV disinfection. Mechanical filtration and UV disinfection were applied both during 

ballast and de-ballast operations. The maximum total rated capacity of the RayClean 

BWMS installation in the shipboard test was 300 m
3
/h. The BWMS operated at maximum 

capacity as long as the measured UV intensity inside the UV disinfection unit was higher 

than 165 W/m
2
. When UV intensities below 165 W/m

2
 were recorded the flow rate was 

automatically reduced to maintain a minimum UV dose. A description of RayClean 

BWMS for shipboard testing was enclosed in Appendix C of the Test Plan (Appendix 1 in 

this report). 
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6.1 Performance claim and BWMS limitations  

Before shipboard testing was initiated, DESMI Ocean Guard described a technology 

performance claim including limitations for treatment performance of RayClean, which 

was included in Section 4.1 of the Test Plan (Appendix 1).  

7 Experimental design 

7.1 Trial periods and locations 

The shipboard test was conducted on board the container vessel Thurø Mærsk (IMO 

8819976), registered in Denmark. Thurø Mærsk was built in 1991, and has a deadweight 

tonnage of 21,825 with a cargo capacity of 1,367 TEU (twenty foot equivalent unit). 

During the shipboard trial period the vessel was in regular route, where it typically called 

ports in Algeciras, Vigo, Leixoes and Lisbon on the Iberian Peninsula and a number of 

ports on the West African coast and in the Republic of Cape Verde. 

The RayClean BWMS was installed in a container placed in the bottom of the cargo bay 

and connected to the ballast water system of the vessel.  
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Table 7.1 Details for inlet and discharge operations for shipboard test cycles. Detailed data logging 
information for each test cycle is available in Appendix 2. 

Test 

cycle 
Location Operation 

Inlet Discharge 

Date & 

time 

UVI 

(W/m
2
) 

Volume 

& flow 

rate 

Date & time 
UVI 

(W/m
2
) 

Volume 

& flow 

rate 

No. 1* 

Alcântara 
Container 
Terminal, Port 
of Lisbon, 
Portugal 

Control*** 
2013.06.25 
15:45-16:50 

- 
273 m

3
 

252 m
3
/h 

2013.06.25 
21:24-22:01 

- 
137 m

3 

222 m
3
/h 

BWMS**** 
2013.06.25 
18:12-19:33 

88-137 
285 m

3
 

211 m
3
/h 

2013.06.26 
00:24-00:45;  
01:00-01:22 

128-134 
171 m

3 

239 m
3
/h 

No. 2* 

Alcântara 
Container 
Terminal, Port 
of Lisbon, 
Portugal 

Control*** 
2013.11.01 
20:01-21:12 

- 
373 m

3
 

315 m
3
/h 

2013.11.03 
12:40-13:26 

- 
201 m

3 

262 m
3
/h 

BWMS 
2013.11.01 
16:42-19:23 

40-205 
523 m

3
 

195 m
3
/h 

2013.11.03 
09:04-09:52 

200-282 
227 m

3 

284 m
3
/h 

No. 3* 

Alcântara 
Container 
Terminal, Port 
of Lisbon, 
Portugal 

Control*** 
2013.11.01 
20:01-21:12 

- 
373 m

3
 

315 m
3
/h 

2013.11.03 
12:40-13:26 

- 
201 m

3 

262 m
3
/h 

BWMS 
2013.11.01 
21:33-23:23 

61-230 
405 m

3
 

221 m
3
/h 

2013.11.03 
14:01-14:47 

156-208 
223 m

3 

291 m
3
/h 

No. 4** 

Ballast 
operation in 
Porto Grande, 
Mindelo, Cape 
Verde  
De-ballast 
operation in 
Porto da Praia, 
Praia, Cape 
Verde 

Control*** 
2014.01.27 
14:26-15:50 

- 
400 m

3
 

286 m
3
/h 

2014.01.29 
16:52-17:12 

- 
127 m

3 

381 m
3
/h 

BWMS 
2014.01.27 
16:49-18:24 

500 
465 m

3
 

294 m
3
/h 

2014.01.29 
15:58-16:39 

500 
186 m

3 

272 m
3
/h 

No. 5** 

Ballast 
operation in 
Porto Grande, 
Mindelo, Cape 
Verde  
De-ballast 
operation in 
Porto da Praia, 
Praia, Cape 
Verde 

Control*** 
2014.01.27 
19:30-20:56 

- 
391 m

3
 

273 m
3
/h 

2014.01.29 
22:10-22:31 

- 
146 m

3 

417 m
3
/h 

BWMS 
2014.01.27 
21:01-22:18 

500 
377 m

3
 

294 m
3
/h 

2014.01.29 
20:53-21:36 

500 

180 m
3 

 

251 m
3
/h 

* Dates and times according to local time at location (GMT +0) 
** Dates and times according to local time at location (GMT -1) 
*** Volume recording and associated flow rate based on the vessel’s ballast tank level gauging system. Recordings may be 

uncertain as a result of heeling of the vessel. 
**** De-ballast operation was interrupted for 15 minutes due to water in an electrical socket caused by a leaking DHI 

sampling unit. 

In test cycle No. 1, ballast and de-ballast operations were conducted while the vessel was 

moored at the Alcântara Container Terminal in the Port of Lisbon, Portugal, on 25-26 

June 2013. In test cycle no. 1 staff from DHI, DESMI Ocean Guard and DNV GL 

surveyors prepared to initiate the shipboard testing with a ballast operation in Port 

Tangier, Morocco. However, due to inadequate ballast pump capacity and the vessel 

schedule the ballast operation was postponed and was conducted in Port of Lisbon 

instead.  



  

EAT/11812728/Biological efficacy performance evaluation in shipboard test/RayClean/Final report/2014.10.23 12 

During test cycles Nos. 2 and 3, ballast and de-ballast operations were conducted while 

the vessel was moored at the Alcântara Container Terminal in the port of Lisbon, 

Portugal, on 1-3 November 2013.  

In test cycles No. 4 and 5, ballast operations were conducted while the vessel was 

moored at Porto Grande in Mindelo, Cape Verde on 27 January 2014 and de-ballast 

operations were conducted while the vessel was moored at Porto da Praia in Praia, Cape 

Verde, on 29 January 2014.  

The holding time varied from approx. 5 to 47 hours for treated water and from 5 to 49 

hours for control water. In all five shipboard test cycles, the RayClean BWMS was 

operated by a crew member (chief or second officer). Detailed data logging information 

for each test cycle is available in Appendix 2. 

8 Sampling 

8.1 Sample overview 

All samples were collected by DHI staff in accordance with the description in the Test 

Plan. Test cycles Nos. 1, 4 and 5 consisted of sampling and analyses of: 

 Inlet water: The physical/chemical and biological parameters in the inlet water were 

considered sufficiently stable during ballasting since the vessel was moored during 

ballast operations of both treated water and control water. Thus, only one set of 

samples and analyses were used to represent the control tank and the ballast tank.  

 Discharge control water: Stored without treatment from the time of ballasting to 

discharge 

 Discharge treated water: Treated and stored from the time of ballasting to 

discharge 

Test cycles Nos. 2 and 3 were conducted with only one set of inlet and control discharge 

water samples. The operations for shipboard test cycles Nos. 2 and 3 were conducted in 

the following order: 

1. Ballast operation shipboard test cycle No. 2 (1 November 2013) 

2. Ballasting operation control water for shipboard test cycles Nos. 2 and 3 (1 

November 2013)  

3. Ballast operation shipboard test cycle No. 3 (1 November 2013) 

4. Treated discharge shipboard test cycle No. 2 (3 November 2013) 

5. Control discharge water (3 November 2013) 

6. Treated discharge shipboard test cycle No. 3 (3 November 2013) 

 

The approach with ballasting for shipboard test cycle No. 2 followed by ballasting of 

control water and ballasting for shipboard test cycle No. 3 immediately after each other 

was suggested by DESMI Ocean Guard. The intention was that shipboard test cycle No. 

2 would represent a test cycle according to both IMO G8 guidelines /4/ and U.S Coast 

Guard requirements /2/ including control water (reference water) and shipboard test cycle 

No. 3 would represent a test cycle according to U.S. Coast Guard requirements. Since 

the vessel was moored during ballast operations the physical/chemical and biological 

parameters of the inlet water was considered stable during ballasting, and therefore only 

one set of samples and analyses was used to represent the control tank and the two 
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ballast tanks. The testing approach for shipboard test cycles Nos. 2 and 3 was accepted 

by email from DNV GL received on 20 September 2013. 

Table 8.1 Number of samples and sample volumes 

Test cycle step Number of samples Type of sample 
Sample volume per 

replicate 

Inlet water 3 replicates 

Organisms ≥50 µm >1 m
3
* 

Organisms 10-50 µm 2 L*** 

Bacteria ≥0.5 L*** 

DOC, POC, UV-T ≥0.5 L *** 

TSS ≥0.5 L*** 

Control discharge 
water 

3 replicates 

Organisms ≥50 µm >1 m
3
 * 

Organisms 10-50 µm 2 L*** 

Bacteria ≥0.5 L *** 

DOC, POC ≥0.5 L *** 

TSS ≥0.5 L *** 

Treated discharge 
water 

3 replicates Organisms ≥50 µm >3 m
3
 * 

3 replicates Organisms 10-50 µm 10 L ** 

3  3 replicates Bacteria ≥0.5 L *** 

3 replicates DOC, POC; UV-T ≥0.5 L *** 

3 replicates TSS ≥0.5 L *** 

* Collected by continuous flow during the entire period of intake or discharge with all three field replicates 
representing the entire operation period; for treated discharge, this time integrated continuous sampling 
of 3 replicates, each of a volume of >3 m

3
, provides the same statistical basis for evaluation as the 

sampling 3  3 replicates of >1 m
3
, which is recommended in the G8 guidelines 

** Collected by continuous flow during the entire period of discharge with each field replicate representing 
approx. a third of the operation period; for treated discharge, this time integrated continuous sampling of 
3 replicates, each of a volume of 10 L, provides the same statistical basis for evaluation as the sampling 

3  3 replicates of 1 L, which is recommended in the G8 guidelines 
*** Grab samples collected over the period of intake or discharge (e.g. start, middle and end) 
DOC Dissolved organic carbon 
POC Particulate organic carbon 
TSS Total suspended solids 

8.1.1 Samples for DOC, POC, UV-T and TSS analyses 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 

3 replicates for the treated discharge water) of at least 0.5 L were collected in acid 

washed and heat-sterilized blue cap bottles for analyses of dissolved organic carbon 

(DOC), particulate organic carbon (POC) and UV transmittance (UV-T). For total 

suspended solids (TSS) analysis, samples with a volume of approx. 0.5 L were collected 

in polyethylene containers. 

8.1.2 Samples for enumeration of organisms ≥50 µm 

Three replicates were collected by parallel continuous sampling during the entire periods 

of intake and discharge. The samples were gently filtered through a net with a mesh size 

of 35 µm and a reservoir (cod-end) at the bottom of the net for collecting the zooplankton. 

Each replicate was concentrated in 1-L glass bottles. The total volume of the filtered 

sample was determined by a flow meter.  



  

EAT/11812728/Biological efficacy performance evaluation in shipboard test/RayClean/Final report/2014.10.23 14 

8.1.3 Samples for enumeration of organisms ≥10 µm and <50 µm 

Grab samples were collected for the inlet water and for the control discharge water (3 

replicates each) with each a volume of 2 L. Treated discharge water was collected by 

continuous flow during the entire period of discharge with each a volume of 10 L. The 

samples were collected in appropriate containers. 

8.1.4 Samples for enumeration of organisms <10 µm 

Grab samples (3 replicates for the inlet water, 3 replicates for the control discharge water 

and 3  3 replicates for the treated discharge water) with each a volume of at least 0.5 L 

were collected in appropriate sterile containers with sodium thiosulphate. 

9 Data management, analyses and reporting 

9.1 Data management 

The recording and storage of data are described in the Quality Assurance Project Plan 

(QAPP; Appendix 1).  

DHI collected the information relevant for the BE test cycles when DHI staff was present 

during the testing (volumes, operation times, flow rates, locations etc.). DHI was only 

present during the BE test cycles and, thus, DHI did not monitor or document  the 

activities related to the installation and maintenance of RayClean on board the vessel 

(e.g. scheduled/ unscheduled maintenance, weather conditions and resultant effects,  

instrument calibration etc.). DESMI Ocean Guard’s shipboard testing documentation 

describing ballast water operations during the shipboard testing period is enclosed in 

Appendix 3.  

9.2 Analyses 

The average temperatures of samples from collection during storage and transport to the 

DHI Environmental Laboratory ranged from 2.4 to 15°C for all the test cycles. Analyses 

performed on-board were performed within the shortest possible time period. Samples 

analysed in the DHI Environmental Laboratory were processed in the laboratory within 63 

hours from sampling of discharge water. Detailed data on storage temperatures for 

different sample types are available in Appendix 4. 
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9.2.1 Analysis overview 

Table 9.1 Overview of analyses and sample replicates 
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Inlet water 

Rep 1 (start) 
3 

continuous 
replicates 

1 1 1 1 1 1 1 

Rep 2 (mid) 2 2 2 2 2 2 2 

Rep 3 (end) 3 3 3 3 3 3 3 

Control discharge water 

Rep 1 (start) 
3 

continuous 
replicates 

1 1 1 1 - 1 1 

Rep 2 (mid) 2 2 2 2 - 2 2 

Rep 3 (end) 3 3 3 3 - 3 3 

Treated discharge water 

Rep 1-3 (start) 
3 

continuous 
replicates 

3 continuous 
replicates 

1-3 1 1 1 1 

Rep 4-6 (mid) 4-6 4 4 4 4 

Rep 7-9 (end) 7-9 7 7 7 7 

DOC Dissolved organic carbon 
POC Particulate organic carbon 
TSS Total suspended solids 

All analyses were carried out in accordance with the Test Plan and Amendments Nos. 1-

3 (Appendix 1) and the relevant DHI standard operating procedures (DHI SOPs). The 

samples for all analyses were kept cool from the time of collection. During the storage 

and transport of samples to the laboratory, a temperature logger was placed with the 

samples to measure the variation of the temperature from sampling to final analysis. 

Samples were processed and analysed within the shortest possible time period.  

9.2.2 Physical/chemical analyses 
The physical/chemical analyses conducted during the shipboard test included: 

 Temperature 

 Salinity 

 pH 

 Oxygen saturation 

 Turbidity 

 UV transmittance (UV-T) 

 Dissolved organic carbon (DOC) 

 Particulate organic carbon (POC) 

 Total suspended solids (TSS) 

Work on location 
Temperature, pH, oxygen saturation salinity and turbidity were measured by use of a 

portable instrument equipped with electrodes. Measurements were conducted at regular 

intervals throughout the inlet and discharge operations. 
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For determination of DOC and POC, the samples were treated as described in DHI SOP 

30/1769. For determination of TSS, the samples were filtered through a glass fibre filter, 

which had already been dried and weighed at the DHI Environmental Laboratory as 

described in DHI SOP 30/1768. For determination of UV-T, a subsample with a volume of 

100 mL for each replicate was transferred to glass bottles and kept in the dark until arrival 

at the DHI Environmental Laboratory.  

Work in laboratory 
Determination of DOC and POC was performed according to DHI SOP 30/1769. 

Determination of TSS was performed according to DHI SOP 30/1768. Determination of 

UV-T was performed according to DHI SOP 30/1770. 

9.2.3 Organism size class ≥50 µm 

Compliance with the pass criterion (Appendix 1, QAPP, Chapter 10) was verified by use 

of the direct count of organisms ≥50 µm in minimum dimension. 

The concentrations of live organisms ≥50 μm in minimum dimension were determined by 

use of a stereo microscope and a counting chamber according to DHI SOP 30/1700. Live 

organisms were enumerated by use of standard movement and response to stimuli 

technique. The live organisms were characterized according to major taxonomic groups. 

The analyses were completed on location within six hours from the end of sampling.  

9.2.4 Organism size class ≥10 µm and <50 µm 
Compliance with the pass criterion (Appendix 1, QAPP, Chapter 10) was verified by use 

of the total of viable organisms determined by measuring algal re-growth in a most 

probable number (MPN) assay and enumeration of viable organisms ≥10 µm and <50 µm 

in minimum dimension that are not encompassed by the algal re-growth assay (i.e. 

chloromethylfluorescein diacetate (CMFDA)/fluorescein diacetate (FDA)-labelled 

organisms without chlorophyll).  

Work on location 
Samples preserved with Lugol’s solution. Inlet and discharge water samples were 

preserved with Lugol’s solution to enable determination of the concentrations of 

organisms in the size class ≥10 and <50 µm. The container with inlet or discharge water 

sample was shaken gently (upside down 5 times) and subsamples with an approx. 

volume of 100 mL were transferred to brown glass bottles. Two subsamples were 

collected for one replicate and one subsample was collected for the remaining two 

replicates. Lugol’s solution was added to achieve a final concentration of 2% according to 

DHI SOP 30/1701. 

Samples for CMFDA/FDA analysis. The container with the total sample was shaken 

gently (upside down 5 times). Subsamples of approx. 100 mL were transferred to brown 

glass bottles. Two subsamples were collected for one replicate and one subsample was 

collected for the remaining two replicates. These subsamples were stored in the dark and 

transported to the DHI Environmental Laboratory for further analysis.   

Algal re-growth assay. In the inlet and discharge water samples, the concentrations of 

viable algae were analysed by measuring algal re-growth in a most probable number 

(MPN) assay. The container with the total sample was shaken gently (upside down 5 

times). One subsample (approx. 15 mL) of undiluted water per replicate was kept in the 

dark as ‘back-up samples’. Dilution series of the inlet water, control discharge water and 

treated discharge water were prepared by adding 1-mL aliquots of sample to test tubes 

with 5 mL of liquid medium as described in DHI SOP 30/1704. Ten (10) control test tubes 

containing only 5 mL of medium were prepared. The test tubes were kept in the dark until 

arrival at the DHI Environmental Laboratory. 
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In test cycle no. 1 the samples for the algal re-growth assay were transported to the DHI 

Environmental Laboratory, where the dilution series were prepared immediately upon 

arrival (25 hours after discharge and 34 hours after ballast operation). As described in 

section 7.1 the testing location was changed in the last minute from Port Tangier, 

Morocco to Port of Lisbon. After unpacking the DHI shipboard testing equipment on the 

vessel in Port Tangier it was suspected that a customs inspection had resulted damage 

to some of the equipment. For example, a manifold for sampling flow meters was 

damaged, even though the manifold was secured and well protected during shipment. 

Furthermore, many of the glass test tubes used for the dilution series and incubation for 

the algal re-growth analysis were broken after equipment shipment to the vessel in Port 

Tangier. As a result of this, there were not sufficient glass test tubes available to prepare 

the dilution series for all samples on location.  

Work in laboratory 
Samples preserved with Lugol’s solution. These samples were analysed as follows: 

 Inlet water. Assuming that practically all of the organisms in the natural water were 

alive, fulfilment of the validity criterion for the concentration of organisms ≥10 and 

<50 µm in the inlet water was confirmed by inverted microscopy enumeration 

according to DHI SOP 30/1701. The analyses comprised detailed examination of the 

algal chloroplasts (to confirm that the phytoplankton was alive at the time of 

sampling) and classification of the algae according to groups, taxa or species. 

 Discharge water. Inverted microscopy was applied to quantify the predominant 

groups, taxa and species ≥10 and <50 µm in the treated discharge water with the 

purpose of adding to the documentation of the algal re-growth assay (see below).  

CMFDA/FDA. Chloromethylflourescein diacetate (CMFDA) and fluorescein diacetate 

(FDA) were added to a subsample and, after incubation, the subsample was examined by 

use of a microscope under epifluorescence. Organisms labelled by either CMFDA or FDA 

were considered viable as described in DHI SOP 30/1701. These enumerations of 

CMFDA/FDA-stained organisms were applied to confirm that the validity criterion for the 

concentration of organisms ≥10 and <50 µm in the control discharge water was fulfilled. 

For treated discharge water, only CMFDA/FDA-labelled motile organisms without 

chlorophyll were included in the verification of treatment efficacy.  

Algal re-growth assay. On arrival at the laboratory, the fluorescence of the test tubes 

was determined before incubation (t0). The test tubes were incubated for 14 ± 1 days at 

ambient temperature of the sampling location as described in DHI SOP 30/1704. The 

concentrations of viable algae in the inlet water, control discharge water and treated 

discharge water were determined by measuring the fluorescence in the test tubes 

according to DHI SOP 30/1704. 

The algal re-growth assay was documented by the growth of the naturally occurring algae 

under the conditions applied in the assay. Identification of groups, taxa or species in the 

local water capable of growth under the applied conditions was performed with inlet and 

control discharge water. In addition, the algal groups, taxa or species in the inlet and 

control discharge water were thoroughly analysed and compared with the list of algae 

capable of growing under the conditions in the algal re-growth assay, which has been 

obtained during land-based cycles in Hundested, Denmark and shipboard test cycles in 

several different locations (some of the groups, taxa or species may be the same across 

geographic regions). DHI is confident that the algal re-growth assay is conducted under 

conditions that support the growth of a versatile range of algal species. However, the 

limited number of test cycles (1 or 2) conducted during a shipboard test voyage implies 

that the list of algae identified in the inlet water and in the algal re-growth assay is less 

comprehensive compared with the list obtained from the large number of test cycles in 

Hundested. 
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9.2.5 Organism size class <10 µm (bacteria) 
Compliance with the pass criterion (Appendix 1, QAPP, Chapter 9) was verified by use of 

a Bio-Rad MUG/MUD kit for E. coli and enterococci quantification. The presence of Vibrio 

cholerae was examined by identification of colony forming units (CFU) on solid media. 

Work on location 
E. coli and enterococci were determined according to DHI SOP 30/1708. 

For detection of Vibrio cholerae, one sample per replicate was filtered through a 0.45-µm 

filter, after which the filter was kept moist in sterile polyethylene tubes. 

Work in laboratory 
The possible occurrence of Vibrio cholerae was analysed according to DHI SOP 30/1707. 

10 Results 

10.1 Physical-chemical parameters 

For the RayClean BWMS, the physical-chemical conditions of inlet and discharge waters 

for all test cycles are summarized in Table 10.1 and Table 10.2. Onsite measurement 

data are provided in the data logging in Appendix 2. Detailed data on TSS, POC, DOC 

and mineral materials (MM), including temperatures during transport of samples, are 

provided in Appendix 4. 

Table 10.1 Average concentrations (three replicates) of total suspended solids (TSS), 
particulate organic carbon (POC), dissolved organic carbon (DOC) and 
mineral materials (MM) 

Test 

cycle 
Water type 

TSS  

(mg/L) 

POC  

(mg/L) 

DOC  

(mg/L) 

MM  

(mg/L)* 

No. 1 

Inlet 81 1.2 0.90 80 

Control discharge 47 0.90 0.84 46 

Treated discharge 20 0.55 0.74 19 

No. 2 

Inlet 14 0.47 3.4 13 

Control discharge 7.2 0.26 1.7 6.9 

Treated discharge 6.9 0.24 3.5 6.7 

No. 3 

Inlet 14 0.47 3.4 13 

Control discharge 7.2 0.26 1.7 6.9 

Treated discharge 9.2 0.27 2.7 8.9 

No. 4 

Inlet 7.7 <0.1 2.4 7.6 

Control discharge 9.7 <0.1 1.0 9.6 

Treated discharge 6.4 0.11 1.2 6.3 

No. 5 

Inlet 6.2 <0.1 1.1 6.1 

Control discharge 7.1 <0.1 1.0 7.0 

Treated discharge 6.7 <0.1 1.2 6.6 

* MM determined as the difference between TSS and POC as described in Section 5.4.6.1 of the ETV 
protocol /3/ 
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Table 10.2 Average measurements of oxygen (O2), salinity, temperature, pH, UV 
transmittance (UV-T) and turbidity 

Test 

cycle 
Water type 

O2 

(mg/L) 

Salinity 

(PSU) 

Temp. 

(°C) 
pH 

UV-T 

(%) 

Turbidity 

(NTU) 

No. 1 

Inlet control 6.5  34 17 7.9  
70 (96) 

28 

Inlet BWMS  6.4 34 17 7.9  13 

Control discharge  6.5 34 17 7.9  - 18 

Treated discharge  6.5 34 18 7.9 88 (97) 10 

No. 2 

Inlet control 5.7 29 19 7.4 80 (91) 8.7* 

Inlet BWMS  6.1 31 19 7.4 53 (93) 56* 

Control discharge  6.3 30 19 7.4 - 20 

Treated discharge  5.6 31 19 7.4 86 (94) 5.0 

No. 3 

Inlet control 5.7 29 19 7.4 80 (91) 8.7* 

Inlet BWMS  6.4 30 19 7.4 71 (91) 38* 

Control discharge  6.3 30 19 7.4 - 20 

Treated discharge  5.7 31 19 7.4 84 (93) 7.3 

No. 4 

Inlet control 6.2 37 22 8.1 
96 (97) 

5.3 

Inlet BWMS  5.9 37 22 8.2 4.9 

Control discharge  6.5 37 23 8.1 - 3.3 

Treated discharge  6.5 37 23 8.1 97 (98) 4.0 

No. 5 

Inlet control 6.1 37 22 8.2 
92 (96) 

4.3 

Inlet BWMS  6.1 37 22 8.2 4.0 

Control discharge  6.8 37 23 8.1 - 3.0 

Treated discharge  6.5 37 23 8.1 93 (98) 3.3 

PSU Practical salinity units 
NTU Nephelometric turbidity units 
UV-T UV transmittance (figures in parentheses represent UV-T measured in 0.2-µm filtered samples)  
* The turbidity in the inlet water varied during the ballast operation as a result of passing vessels stirring 

up sediment 

10.2 Biological parameters 

The densities of live organisms in the inlet and control discharge water in test cycles Nos. 

1-5 were in accordance with the IMO G8 guidelines and the ETV protocol and, thus, 

these test cycles were considered valid. Detailed data from the biological efficacy 

analyses are available in Appendix 4. 

The densities of viable organisms in the treated discharge water were below the ballast 

water discharge standard /1/, /2/ for all test cycles performed.  
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10.2.1 Organism size class ≥50 µm  
The densities of viable organisms from the ≥50 µm size class in the inlet and control 

discharge water were in accordance with the IMO G8 guidelines and the ETV protocol in 

all test cycles. The average densities varied from approx. 5,500 to 92,000 organisms/m
3
 

in the inlet water and from approx.1,000 to 72,000 organisms/m
3
 in the control discharge 

water. 

In the treated discharge water, the average concentrations of viable organisms in the ≥50 

µm size range are summarized in Table 10.3. For treated discharge samples, the total 

volume of each of the three field replicates was analysed within six hours from completion 

of the sampling. The average concentrations of viable organisms in ≥50 µm in the treated 

discharge water were 5.2; 9.4; 1.9; 0; and 0 organisms/m
3 
for test cycles Nos. 1-5 

respectively, which were all below the pass criterion defined in the ballast water 

discharge standard. 

Table 10.3 Total sample volumes and average numbers (three replicates) of viable 
organisms in the size class ≥50 µm. Specific data and individual sample 
volumes are provided in Appendix 4. 

Test cycle Water type Total sample volume (m
3
) Organisms/m

3
 

No. 1 

Inlet 4.7 91,975 

Control discharge  3.6 71,696 

Treated discharge  9.2 5.2 

No. 2 

Inlet 3.6 6,201 

Control discharge  3.6 4,489 

Treated discharge 9.7 9.4 

No. 3 

Inlet 3.6 6,201 

Control discharge  3.6 4,489 

Treated discharge  9.5 1.9 

No. 4 

Inlet 4.5 5,533 

Control discharge  3.2 1,837 

Treated discharge 9.2 0 

No. 5 

Inlet 5.1 6,814 

Control discharge  3.1 1,044 

Treated discharge 9.1 0 

Require-
ments 

Inlet* ≥3 ≥100 

Control discharge* ≥3 ≥10 

Treated discharge ≥9 <10 

* Minimum criteria for live organism densities according to the IMO G8 guidelines /4/ and the ETV 
protocol /3/ 
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10.2.2 Organism size class ≥10 and <50 µm 
As stated in the Test Plan (Appendix 1), fulfilment of the validity criterion for the 

concentration of organisms ≥10 and <50 µm in the inlet water was based on inverted 

microscopy enumeration according to DHI SOP 30/1701.  

The densities of viable organisms from the ≥10 and <50 µm size class in the inlet water 

were in accordance with the requirement in the IMO G8 guidelines and the ETV protocol 

in all test cycles, except for test cycles Nos. 2 and 3, in which the average number of 

viable organisms in the ≥10 and <50 μm size class was determined to be 99 

organisms/mL (Table 10.4) with a standard deviation of ±1 (instead of ≥100 

organisms/mL). This difference is considered negligible and without influence on the 

results. Furthermore, in the control discharge water from test cycles No. 2 and 3, the 

average density of viable organisms in the ≥10 and <50 μm size class was determined to 

be 106 organisms/mL. The average density of 99 organisms/mL in the inlet water from 

test cycles Nos. 2 and 3 was accepted by DNV GL in an email dated 19 November 2013 

as meeting the requirement for a valid test cycle. In test cycles Nos. 1, 4 and 5 the 

average densities of viable organisms ≥10 and <50 µm in the inlet water varied from 131 

to 375 organisms/mL when determined by inverted microscopy (Table 10.4). Densities of 

viable organisms from the ≥10 and <50 µm size class in the control discharge water were 

in accordance with the IMO G8 guidelines and the ETV protocol in all test cycles. In the 

control discharge water in test cycles Nos. 1, 4 and 5, the average densities of viable 

organisms ranged from 16 to 149 organisms/mL when determined by microscopic 

counting of CMFDA/FDA-stained samples.  

The algal taxa and species capable of growing under the conditions applied in the algal 

re-growth assay represented 67-82% of the identified algae in the inlet water (Appendix 

4). 

Table 10.4 summarizes the concentrations of viable organisms ≥10 and <50 µm based on 

two different evaluation methodologies. The quantitative evaluation of the performance at 

discharge after the second treatment was based on (i) microscopic counting after staining 

with CMFDA and FDA and (ii) most probable number of proliferating algae and addition of 

CMFDA/FDA-stained motile organisms without chlorophyll. 

Microscopic counting after staining with CMFDA and FDA 
The numbers of CMFDA/FDA-stained organisms ≥10 and <50 µm at discharge were 5.0; 

4.5; 2.3; 0.83; and 0.42 organisms/mL in test cycles Nos. 1 to 5, respectively (treated 

discharge samples in Table 10.4).  

Most probable number of proliferating algae and addition of CMFDA/FDA-stained 
motile organisms without chlorophyll 
The total numbers of the MPN obtained in the algal re-growth assay and the 

CMFDA/FDA-stained motile organisms without chlorophyll at discharge were 0.44; 0.35; 

0.28; 0.19; and <0.18 organisms/mL in test cycles Nos. 1 to 5, respectively (treated 

discharge samples in Table 10.4). 
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Table 10.4 Average numbers (three replicates) of viable organisms in the size class ≥10 
µm and <50 µm. Specific data including storage temperatures during 
transport are provided in Appendix 4.  

Test 

cycle 
Water type 

Microscopy  

(organisms/mL) 
Algal re-

growth 

(org/mL) 

 

Algal re-

growth 

(%)** 

 

Algal re-growth + 

CMFDA/FDA 

stained-motile 

organisms without 

chlorophyll  

(organisms/mL) 

Total 

number 

Motile 

without 

chlorophyll* 

No. 1 

Inlet 375 - >160 

82 

>160 

Control discharge  149 3.0 >160 >163 

Treated discharge  5.0 0 0.44 0.44 

No. 2 

Inlet 99 - >160 

82 

>160 

Control discharge  106 14 >160 >174 

Treated discharge  4.5 0.17 0.19 0.35 

No. 3 

Inlet 99 - >160 

82 

>160 

Control discharge  106 14 >160 >174 

Treated discharge  2.3 0 0.28 0.28 

No. 4 

Inlet 131 - 137 

67 

137 

Control discharge  16 1.3 137 139 

Treated discharge  0.83 0 0.19 0.19 

No. 5 

Inlet 137 - 137 

75 

137 

Control discharge  20 0 >160 >160 

Treated discharge  0.42 0 <0.18 <0.18 

Require-
ments 

Inlet*** ≥100 - - - - 

Control discharge*** ≥10 - - - - 

Treated discharge <10 <10 <10 - <10 

* The concentrations of motile organisms without chlorophyll are included in the total number of 
organisms 

** Algal taxa and species confirmed able to grow under the conditions in the re-growth assay (per cent of 
the taxa and species identified in the inlet water of the respective test cycles; data from Appendix 4, 
Table A.4.4.3) 

*** Minimum criteria for live organism densities according to the IMO G8 guidelines /4/ and the ETV 
protocol /3/  

10.2.3 Bacteria 
For shipboard testing, there are no requirements in relation to the density of bacteria in 

the inlet water or the control discharge water. The average concentrations of E. coli 

ranged from 14-1,520 CFU/100 mL in the inlet water and from <10 - 690 CFU/100 mL in 

the control discharge water. For enterococci, average concentrations ranged from <10 - 

273 CFU/100 mL in the inlet water and <10 - 113 CFU/100 mL in the control discharge 

water. Vibrio cholerae was not identified in all inlet and control discharge water samples. 
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Table 10.5 Average bacterial concentrations. Specific data are provided in Appendix 4.  

Test 

cycle 
Water type 

E. coli 

(CFU/100 mL) 

Enterococci 

(CFU/100 mL) 

Vibrio cholerae 

(CFU/100 mL) 

No. 1 

Inlet 417 47 Absent 

Control discharge  193 25 Absent 

Treated discharge  <10 <10 Absent 

No. 2 

Inlet 1,520 273 Absent 

Control discharge  690 113 Absent 

Treated discharge  37 <10 Absent 

No. 3 

Inlet 1,520 273 Absent 

Control discharge  690 113 Absent 

Treated discharge  <10 <10 Absent 

No. 4 

Inlet 24 <10 Absent 

Control discharge  113 <10 Absent 

Treated discharge  107 <10 Absent 

No. 5 

Inlet 14 <10 Absent 

Control discharge  <10 <10 Absent 

Treated discharge  <10 <10 Absent 

Require-

ments 
Treated discharge <250 <100 <1 

CFU Colony-forming units 

In the treated water, the average concentrations of E. coli and enterococci were below 

the ballast water discharge standard /1/, /2/ for all test cycles performed. Vibrio cholerae 

was not identified in any of the test cycles.  

In test cycle No. 4, the average concentrations of E. coli in the discharge water (both 

treated and control) were approx. 5 times higher than the concentrations of E. coli in the 

inlet water suggesting that E. coli  was present in the ballast tanks or in the piping system 

on the vessel.  

In test cycles Nos. 4 and 5, unidentified bacteria were seen on the majority of the agar 

plates (inlet, control discharge and treated water) for detection of Vibrio cholerae. After 

inspection of the bacterial colonies on the agar plates, seven colonies with morphological 

characteristics resembling Vibrio cholerae were analysed at Statens Serum Institut (SSI) 

for species identification. The selected colonies were obtained from inlet, control 

discharge and treated discharge water in test cycles Nos. 4 and 5. None of the seven 

colonies were Vibrio cholerae (see Appendix 5). 

11 Quality assurance and quality control 

The biological efficacy performance evaluation in shipboard test of the RayClean BWMS 

was conducted in accordance with ISO 9001 by using the DHI Business Management 

System certified by DNV GL. The DHI Environmental Laboratory is accredited by 

DANAK, the Danish Accreditation and Metrology Fund, to perform ecotoxicological 

studies and analyses aiming at the performance evaluation of BWMS in accordance with 

ISO 17025. The performance evaluation also complied with the conditions included in the 

Quality Management Plan (QMP), QAPP, the Test Plan and the DHI SOPs (see 

Appendix 6). Three amendments describing planned changes to the Test Plan were 

made during the performance evaluation period.  The QMP, the Test Plan (including 

QAPP) and the Amendments Nos. 1-3 are included in Appendix 1.  
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The acting classification society for the shipboard performance evaluation of RayClean 

was DNV GL. The Test Plan (including the QAPP) was reviewed by DNV GL. The DNV 

GL review report is included in Amendment No. 1 (Appendix 1). 

DNV GL staff also conducted an onsite inspection during the ballast operations of test 

cycle No. 1. The inspection included the BE testing activities on board the vessel Thurø 

Mærsk. The comments from the DNV GL review of the Test Plan and the onboard 

inspections were addressed in the final version of the Test Plan, Amendments Nos. 1-3 

and in this final report. The DNV GL survey report is included in Appendix 1. 
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1 DEFINITIONS 

Terms/Abbreviations Definitions 
Active substance Active substance means a chemical or an organism, including a virus or a 

fungus, that has a general or specific action on or against nonindigenous 
species 

Ballast water manage-
ment system (BWMS) 

A system which processes ballast water to kill, render harmless or remove 
organisms. The BWMS includes all ballast water treatment equipment and 
all associated control and monitoring equipment 

Classification society Independent classification society that conducts formal verification of the 
procedures applied in performance evaluation of BWMS  

DHI Standard operating 
procedure (DHI SOP) 

Document describing the procedures or characteristics for analyses, opera-
tions or tests 
Note: In-house methods may be used in the absence of a recognized 
standard, if they are commonly  accepted for testing of  BWMS or scientifi-
cally documented  

Guidelines and standards Guidelines means the IMO Guidelines for Approval of Ballast Water Man-
agement Systems (G8) (Reference /2/) and Procedure for Approval of Bal-
last Water Management Systems that Make Use of Active Substances (G9) 
(Reference /3/) or the U.S. Coast Guard Standards (Reference /4/) and the 
ETV protocol (Reference /5/) 

IMO convention The International Convention for the Control and Management of Ship’s 
Ballast Water and Sediments adopted by the International Maritime Organi-
zation (IMO) (Reference /1/) 

Independent Laboratory Independent organisation that meets the requirements in 46 CFR 159.010-3 

International Maritime 
Organization (IMO) 

United Nations specialized agency with responsibility for the safety and se-
curity of shipping and the prevention of marine pollution by ships 

Manufacturer (or client) The manufacturer of a BWMS or related technology, or a party associated 
with such technologies, requesting a technology performance evaluation 
(sometimes referred to as vendor); the manufacturer is the party entering a 
Contract with DHI on the performance evaluation of the BWMS 

Quality Assurance Project 
Plan (QAPP) 

Project-specific technical document reflecting the implementation of quality 
assurance and quality control activities, the testing organisation, the testing 
conditions and analyses, and other conditions affecting the actual design 
and implementation of the required tests and evaluations 
Note: The DHI Business Management System applies Quality Assurance 
Plan as the equivalent term for the QAPP 

Quality Management Plan 
(QMP) 

Generic standard operating procedure within the DHI Business Manage-
ment System describing the project management and quality control man-
agement structure 

Services When used in this QMP the term ‘services’ has the meaning described in 
Chapter 3 

Test Plan Project-specific technical document reflecting the specifics of the BWMS to 
be tested, the appointed classification society or Independent Laboratory, 
the selection of analytical procedures described in the QAPP, and other 
specific conditions related to the actual BWMS performance evaluation 
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U.S. Coast Guard The U.S. Coast Guard is an organisation with the United States Department 
of Homeland Security. The Coast Guard is amending its regulations on bal-
last water management and engineering equipment by establishing a 
standard for the allowable concentration of living organisms in ships’ ballast 
water discharged in waters of the United States and by establishing an ap-
proval process for BWMS  

2 INTRODUCTION 

The International Maritime Organization (IMO) has adopted the International Conven-
tion for the Control and Management of Ships’ Ballast Water and Sediments /1/ to re-
duce the risk of spreading of harmful aquatic organisms and pathogens released with 
ballast water. 
 
The IMO convention requires that all ships comply with specified water quality re-
quirements (D2) before ballast water is released into the environment. 
 
The performance evaluation of ballast water management systems (BWMS)  aims at 
documenting compliance with the requirements stated in international guidelines, e.g.: 
 
• Guidelines for Approval of Ballast Water Management Systems (G8) /2/ 
• Procedure for Approval of Ballast Water Management Systems that Make Use of 

Active Substances (G9) /3/.  
 
DHI provides services in relation to performance evaluation of maritime technologies 
and particularly BWMS. DHI’s land-based test facility in Denmark, the DHI Maritime 
Technology Evaluation Facility, is located in Hundested. DHI has also a land-based test 
facility for performance evaluation of BWMS in Singapore. 
 
The DHI Ballast Water Centre is a coordinating structure between DHI Denmark and 
DHI Singapore. DHI Ballast Water Centre is organized with a Ballast Water Facility 
Board including two members from the management in DHI Denmark and two mem-
bers from the management in DHI Singapore. The object of the Board is to coordinate 
the development and marketing of services related to the performance evaluation of 
BWMS within the DHI Group. 
 
The Quality Management Plan (QMP) is a generic standard operating procedure within 
the DHI Business Management System. 

3 SERVICES 

The QMP covers the services provided by DHI Denmark at the facilities below: 
 
DHI 
Agern Allé 5 
DK-2970 Hørsholm 
Denmark 
 
and 



DHI   

 

EAT/Quality Management Plan/Ver. 3.2/2012.10.31   
 

3 

 
DHI Maritime Technology Evaluation Facility 
Færgevejen 18 
DK-3390 Hundested 
Denmark 
 
The services include: 
 
• Laboratory tests of BWMS, or ballast water treatment equipment, normally con-

ducted at the DHI environmental laboratory in Hørsholm, Denmark, and aiming at 
e.g. proof-of-concept or technology optimisation prior to initiation of formal per-
formance evaluation meeting the guidelines 

• Pilot-tests of BWMS, or ballast water treatment equipment, conducted at the test fa-
cility or other facilities than a laboratory, and aiming at e.g. proof-of-concept or 
technology optimisation prior to initiation of formal performance evaluation meet-
ing the guidelines 

• Land-based tests of BWMS, or ballast water treatment equipment, conducted at the 
test facility and aiming at formal performance evaluation meeting the guidelines 
(e.g. type approval) 

• Shipboard tests of BWMS, or ballast water treatment equipment, conducted on 
board vessels on which the technology is installed and aiming at formal perfor-
mance evaluation meeting the guidelines (e.g. type approval). 

 
The above activities are collectively referred to as the “services” whereas individual ac-
tivities are referred to as “projects”.  
 
The aim of the services is to provide independent, third party documentation for the per-
formance of maritime technologies. High quality of the services is ensured through ex-
tensive quality management and use of skilled staff.  

4 ORGANISATION 

DHI’s project organisation is illustrated below. 
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4.1 Quality Assurance Manager 

Senior biologist Louise Schlüter (Ph.D.) is assigned by DHI’s Quality Assurance 
(QA) Unit as internal auditor. This includes the following tasks: 

• Drafting of a plan for quality assurance 

• Monitoring of compliance with the Quality Management Plan (QMP), the Quali-
ty Assurance Project Plan (QAPP), the Test Plan and the DHI standard operating 
procedures (DHI SOPs) by audit including the Project Manager and the laborato-
ry staff 

• Monitoring compliance with the appropriate guidelines or standards by audit in-
cluding the Project Manager 

• Verification of the presence of applicable staff training records 

• Drafting of audit reports and verification that audit responses are appropriate and 
that corrective action has been implemented effectively 

• Verification that the final product complies with DHIs standards for QA and, 
particularly, the QMP, the QAPP, the Test Plan and the guidelines and standards 

 

4.2 Head of Department 

Head of Department Torben Madsen (Ph.D.) is quality supervisor for all projects 
(described in the section on Services) and has the overall responsibility for the services 

Administration 
 

Quality Assurance   
Manager 

Louise Schlüter 

Head of Projects 
Jens Tørsløv 

Laboratory Manager 
Anja Kamper 

Academic staff Secretarial staff Laboratory staff 

Project Manager 
 

Classification society or 

Independent Laboratory 
 

Head of Department 
Torben Madsen 

Project Coordinator 
Gitte I. Petersen 
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related to performance evaluation of BWMS provided by DHI Denmark. This includes 
the following tasks: 
 
• Member of the Ballast Water Test Facility Board for DHI Ballast Water Centre, a 

coordinating structure between DHI Denmark and DHI Singapore 
• Overall responsibility for the test facility and the environmental laboratory including 

safe conditions of work and decisions on investments and maintenance expenses 
• Overall responsibility for the liaison and contractual relations between DHI and 

Lloyds Register EMEA (certification of test facility), between DHI and the Danish 
Accreditation and Metrology Fund, DANAK (accreditation of analyses), and be-
tween DHI and the Independent Laboratory (subcontractor agreement) 

• Negotiation of contracts with manufacturers (or clients) 
• Appointment of Project Managers and staff responsible for quality control (QC) of 

individual data (data-level QC) and maintenance of staff experience records (alloca-
tion of Project Managers for specific projects is the responsibility of the Head of 
Projects) 

• Maintenance of the QAPP and the QMP with updated versions as appropriate 
• Quality control of the QAPP, Test Plan, DHI SOPs and all project proposals, deliv-

erables and reports 
• Documentation in relation to 

• Staff training and experience 
• Facilities and their maintenance 
• Records of complaints 

 

4.3 Project Coordinator 

Business Area Manager Gitte I. Petersen (Ph.D.) is responsible for the coordination, 
timely execution and the overall scientific quality of the services. This includes the fol-
lowing tasks: 
 
• Business development and marketing 
• Contact and dialogue with Lloyds Register EMEA prior to inspections and for man-

agement of the actions and documentation, in collaboration with the Laboratory 
Manager, as required to comply with the Certificate of Compliance issued by Lloyds 
Register EMEA 

• Contact and dialogue with the Independent Laboratory prior to inspections and for 
management of the actions and documentation, in collaboration with the Laboratory 
Manager, as required to comply with the agreement between DHI and the Independ-
ent Laboratory 

• Coordination of the services to ensure optimal logistics at the test facility, including 
decisions related to the practical installation of manufacturers and their technology 
and timing of tests 

• Maintenance of the test facility including routine technical maintenance and dia-
logue with the Head of Department in relation to investments and maintenance ex-
penses 

• Instruction of staff with responsibility for specific tasks such as, e.g., test facility 
technical operations and production of test water 
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• Principal scientific expert with responsibility for the overall scientific quality of the 
services including compliance with official guidelines, standards, protocols, and re-
quirements from classification societies and Independent Laboratories; this implies 
input to the QAPP and the Test Plan, revisions and implementation of DHI SOPs, 
and contributions to data interpretation and reporting in collaboration with the Pro-
ject Manager 

• Participation in discussions with the classification society or Independent Laborato-
ry on important matters, particularly draft and final reports, together with the Project 
Manager  

4.4 Head of Projects and Laboratory Manager 

Head of Projects Jens Tørsløv (Ph.D.) has the overall responsibility for allocation of 
staff, planning and project execution in coordination with the Project Coordinator or the 
Project Manager as appropriate.  
 
Laboratory Manager Anja Kamper (M.Sc.) allocates laboratory technicians for a 
specific project as part of the laboratory capacity planning by allocation of responsibil-
ity from the Head of Projects. Furthermore, the Laboratory Manager appoints one or 
more test co-ordinators among the laboratory technicians or the academic staff for on-
site coordination of land-based test cycles. 
 
The Laboratory Manager is responsible for the contact and dialogue with DANAK prior 
to inspections and for management of the actions and documentation as required to 
comply with the ISO 17025 accreditation. 

4.5 Project Manager 

The Project Manager is responsible for the management and efficient performance of 
the project in accordance with the Contract between the manufacturer and DHI, the 
QMP, the QAPP and the Test Plan. 
 
The Project Manager’s tasks include: 
 
• Organisation and management of the project 
• Meetings and other communication with the manufacturer to ensure that all neces-

sary information is available in due time 
• Preparation of the draft and final Test Plan with detailed description of the project, 

including time schedule of activities and deliverables; the QAPP and the Test Plan 
shall be made available to all staff participating in the project 

• Facilitation of the process for comments and responses to the QAPP and the draft 
Test Plan in dialogue with the manufacturer and the classification society or the In-
dependent Laboratory 

• Preparation of amendments and deviations to the Test Plan 
• Communication of the project time schedule to the classification society or the In-

dependent Laboratory to enable external audit 
• Participation in discussions with the classification society or the Independent Labor-

atory on important matters, particularly draft and final reports, together with the Pro-
ject Coordinator 
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• Coordination and dialogue with the Laboratory Manager in relation to the practical 
organisation of work involving laboratory technicians; the Project Manager shall in 
due time inform the Laboratory Manager on the types of tests and the required ca-
pacity to enable laboratory capacity planning 

• Contracts with subcontractors (e.g. chemical analytical laboratory) as appropriate 
for meeting the project deliverables 

• Approval of initiation of the test cycles and interruption of test cycles, e.g. in case of 
irregularity 

• Preparation of reports 
 

4.6 Academic staff, laboratory staff and secretaries 

The tasks of the academic staff, the laboratory staff and the secretaries include: 
 
• Maintenance of materials and equipment 
• Test facility technical operations 
• Test coordinator function, i.e. coordination and keeping timely records of the activi-

ties at the test facility during land-based tests 
• Production of test water and monitoring of test water quality 
• Sampling at the test facility 
• Analysis and data processing, including data-level QC 
• Contributions to test reports 
• Archiving of documents and raw data 
• Contributions to QAPPs, Test Plans and DHI SOPs 

 

4.7 Manufacturer 

The tasks of the representative of the manufacturer include: 
 
• Signing a Contract with DHI for the BWMS performance evaluation project 
• Project management of the manufacturers activities in the project, including the liai-

son with DHI and decisions in relation to the testing 
• Review and comments to the draft Test Plan and approval of the final Test Plan 
• Collaboration with DHI to establish all necessary arrangements prior to initiation of 

the test 
• Review and comments to draft test reports 
• Analysis and data processing, including data-level QC 
• Dismantling and removal of the BWMS from the test facility after ended testing 

5 TRAINING 

The Quality Assurance Manager verifies the presence of appropriate training records for 
staff participating in performance evaluation of BWMS (Section 4.1). The Head of De-
partment is responsible for the appointment of specific staff and documentation of train-
ing and experience records for the staff conducting the operations, sampling, analyses, 
data-interpretation and reporting in relation to performance evaluation of BWMS. Staff 
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without experience in the tasks required for the performance evaluation of BWMS re-
ceives appropriate training by a peer with documented experience in the relevant tasks 
before participation in the testing of BWMS. Approval of staff after completed training 
is the responsibility of the Head of Department who appoints Project Managers and staff 
responsible for QC (Section 4.2), and the Laboratory Manager who appoints laboratory 
technicians and test coordinators for specific tasks (see Section 4.4). Laboratory techni-
cians (and academic staff conducting analyses) must demonstrate the required skills at 
least once per year by use of the data quality indicators in the relevant DHI SOPs. 
 
For performance evaluation projects, where the equipment shall be operated by DHI, the 
manufacturer is required to provide training of the DHI staff prior to the start of testing. 
DHI documents the training with a statement, signed by the manufacturer, describing 
the names of DHI staff who have received the training and, if appropriate, confirms that 
this staff have achieved the skills to train other DHI staff members. 

6 PERFORMANCE OF PROJECT 

6.1 Contract 

A Contract between the manufacturer and DHI is negotiated and signed according to the 
DHI manual for project management. 

6.2 Quality Assurance Project Plan 

The QAPP corresponds to the Quality Assurance Plan in the DHI Business Manage-
ment System. The QAPP is a project-specific technical document reflecting the imple-
mentation of quality assurance and quality control activities, the testing organisation, 
the testing conditions and analyses, and other conditions affecting the actual design and 
implementation of the required tests and evaluations. 
 
The performance evaluation of the BWMS is described by the QAPP together with the 
specific details provided in the Test Plan. A QAPP (and a Test Plan) are required for 
performance evaluation of BWMS in land-based or shipboard tests conducted according 
to international guidelines and standards, but these documents may be applied for any 
study where a formal study protocol is needed. 

6.3 Test Plan 

The Test Plan is a project specific technical document reflecting the specifics of the 
BWMS to be tested, the appointed classification society or Independent Laboratory, the 
selection of analytical procedures described in the QAPP, and other specific conditions 
related to the actual BWMS performance evaluation 
 
The Test Plan is 
 
• Prepared by the project manager 

• Signed by the Project Manager and the Head of Department (quality supervisor) 



DHI   

 

EAT/Quality Management Plan/Ver. 3.2/2012.10.31   
 

9 

• Forwarded to the classification society or Independent Laboratory for review and 
comments 

• Forwarded to the manufacturer for review, acceptance and signature. 
 
The Test Plan typically includes the following titles: 
 
1. Project description and treatment performance objectives 
2. Project organisation and personnel responsibilities 
3. Description of testing laboratory 
4. Description of ballast water management system 
5. Experimental design 
6. Sampling and analysis plan 
7. Data management, analyses and reporting 
8. Amendments and deviations 
9. Land-based (or shipboard) testing requirements 
11. Time schedule 
12. References 
 
Amendments and deviations to the Test Plan are approved and signed by the Project 
Manager. Amendments describe planned changes whereas deviations describe un-
planned changes to the Test Plan. 

6.4 Services  

The project will be conducted as described in the QAPP and the Test Plan with subse-
quent amendments and deviations or, alternatively, as described in the Contract between 
the manufacturer and DHI. 

6.4.1 Laboratory tests 
Laboratory tests can be initiated when the technology is ready for testing and DHI’s de-
liverables are defined. Initiation of testing is decided by the Project Manager in agree-
ment with the manufacturer. 

6.4.2 Pilot tests 
Pilot tests can be initiated when the technology is installed and ready for operation. Ini-
tiation of testing is decided by the Project Manager in agreement with the manufacturer. 

6.4.3 Land-based tests 
Land-based tests can be initiated when the technology, typically a fully integrated 
BWMS, is installed and ready for operation. Initiation of testing is decided by the Pro-
ject Manager in agreement with the manufacturer. 
 
The Project Manager decides when a test cycle in the land-based test is completed and 
valid, when appropriate by reference to the IMO G8 or G9 guidelines /2; 3/, US stand-
ards /4; 5/ or other standards. If required, the Project Manager can decide to interrupt a 
test cycle due to technical malfunctioning of the test facility or the technology, insuffi-
cient state of biological or physical parameters or for other reasons related to the quality 
of the test water. 
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6.4.4 Shipboard tests 
Shipboard testing can be initiated when the technology, typically a fully integrated 
BWMS, is installed on the vessel and ready for operation. Initiation of testing is decided 
by the Project Manager in agreement with the manufacturer. 
 
The Project Manager decides when a test cycle in the shipboard test is completed and 
valid by reference to the IMO G8 guidelines /2/ or, if appropriate, to US standards /4; 
5/. If required, the Project Manager can decide to interrupt a test cycle due to technical 
malfunctioning of the technology, insufficient state of biological or physical parameters 
or for other reasons related to the water quality. 

6.5 Reports 

Reports are prepared with the details, format and language described in the Contract be-
tween the manufacturer and DHI. 

6.5.1 Performance evaluation of BWMS aiming at type approval 
For land-based or shipboard tests of BWMS conducted as part of the type approval pro-
cess (e.g. under the IMO convention or U.S. Coast Guard Standards), the report shall 
include all relevant technical and analytical data and will typically contain the following 
items: 
 
• Name of the manufacturer 
• Executive summary 
• Introduction (including a description of the test facility) 
• Experimental design (including the dates for initiation and completion of tests or 

test cycles and procedures stated in the QAPP and the Test Plan) 
• Results (presented in summarizing tables and as raw data) 
• Description of the BWMS (provided by the manufacturer) 
• The signed QMP, QAPP and Test Plan with all amendments and deviations 
 
The report shall be signed by the Project Manager and the Head of Projects. 
 
The final report will be prepared in English and forwarded to the manufacturer. 

7 QUALITY MANAGEMENT PROCESSES 

7.1 Quality assurance 

The services are conducted in accordance with the principles of ISO 9001 by using the 
DHI Business Management System and the procedures in the QMP. The DHI Business 
Management System is found compliant with ISO 9001 as part of the ISO 17025 ac-
creditation of the DHI Environmental Laboratory.  
 
The DHI Quality Manager is responsible for assigning a trained internal auditor from 
DHI’s Quality Assurance Unit to each project in accordance with the procedures for in-
ternal audit in the DHI Business Management System (section on Quality). The internal 
auditor shall not be involved in solving the specific project or in any project delivera-
bles. 
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The DHI Business Management System (section on Quality; Internal Audit) describes 
procedures for audit and evaluation and  the process of periodic internal auditing of pro-
jects and activities including audit responsibilities and planning, auditor training and 
competences and audit reporting. 
 
The DHI Business Management System (section on Quality; Correction and Prevention) 
describes procedures for corrective actions, i.e. how deviations identified during opera-
tion and auditing are corrected and how future occurrence of the same deviations is pre-
vented (preventive actions). 

7.2 Document and record control 

The DHI Business Management System (section on Quality; Documents and Records) 
includes a procedure describing the process of drafting, revising and approving docu-
mentation. 
 
The DHI Business Management System (section on Quality/ Laboratory Analysis/ Test-
ing and Products with reference to DHI SOPs 30/921 and 30/937) describes how rec-
ords of the test are stored, transferred, maintained and controlled in order to ensure data 
integrity for a period defined in the QAPP, but not shorter than five (5) years after issue 
of the final report. 

7.3 Subcontractor management 

The DHI Business Management System (Section on Consulting / Administration / Con-
tracting)  describes how it is ensured that subcontractors follow quality requirements. 
 
In addition, analytical laboratories providing analyses of any kind should: 
 
• Maintain an ISO 17025 accreditation with the quality management system required 

herein. 
• Apply accredited analytical methods when available. 
• Apply other methods according to either international standard methods or in-house 

methods that are in all cases validated as required for accredited methods. 
 
DHI SOP 30/700 furthermore describes how it is ensured that purchased items such as 
chemicals and glassware are controlled, accepted and calibrated.  

7.4 Staff competence management 

The DHI Business Management System (section on Human Resources; Development) 
describes how it is ensured that the projects are conducted by staff with adequate com-
petences and knowledge. This is done by maintaining a list of functions in the test pro-
cess with competence requirements and responsibilities. The list is supported by refer-
ence to staff files in the DHI CV database. 
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7.5 Facility management 

The DHI Business Management System (Laboratory Analysis and Testing with refer-
ence to DHI SOP 30/945) describes how it is ensured that facilities and equipment are 
available and fit for the purposes.  

7.6 Management review 

The DHI Business Management System (section on Quality; Management Review) de-
scribes how the DHI management is ensuring that DHI is working according to this 
QMP through mechanisms such as e.g. an annual management review process. 
 
The Quality Manager is responsible for maintenance and development of the quality 
system and for the internal auditing of all aspects of the system – with daily reference to 
the Director, Group R&D and Quality Management. The DHI Business Management 
System contains rules for reviews of the quality system. 

7.7 Complaint management 

The DHI Business Management System (section on Customer Satisfaction) describes 
how complaints are recorded, resolved and reported. If not resolved, complaints are 
handled according to the Contract between the manufacturer and DHI.  
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2005. 
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A P P E N D I X  A  

BMWS testing-specific Standard Operating Procedures (DHI SOPs) 
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SUBJECT/SUBSUBJECT 
DHI SOP 
NO. 

ANALYTICAL METHOD 
DETERMINATION OF VIABLE ORGANISMS ≥50 µm 

30/1700 

ANALYTICAL METHOD 
DETERMINATION OF VIABLE ORGANISMS ≥10 µm AND < 50 µm 

30/1701 

ANALYTICAL METHOD 
DETERMINATION OF PRIMARY PRODUCTION OF MICROALGAE 

30/1702 

ANALYTICAL METHOD 
DETERMINATION OF VIABLE ALGAE BY RE-GROWTH ASSAY 

30/1704 

MICROBIOLOGICAL TESTS 
DETERMINATION OF TOTAL NUMBER OF BACTERIA BY EPIFLUORESCENCE MICROSCOPY 

30/1705 

MICROBIOLOGICAL TESTS 
DETERMINATION OF HETEROTROPHIC PLATE COUNT  

30/1706 

MICROBIOLOGICAL TESTS 
DETERMINATION OF VIBRIO CHOLERAE IN WATER 

30/1707 

MICROBIOLOGICAL TESTS 
DETERMINATION OF TOTAL COLIFORM, E.COLI AND  ENTEROCOCCI BY Colilert*-18, Enterolert-
E or Bio-Rad MUG/MUD kit 

30/1708 

MEASUREMENT METHOD 
TRO MEASUREMENT IN WATER 

30/1732 

HARVESTING, CULTURING AND ADDITION OF ORGANISMS 30/1734 
COLLECTION OF SEAWATER 30/1735 
COLLECTION OF FRESH WATER 30/1736 
CRITERIA FOR TEST WATER 
ADDITION OF DOC, POC, MM AND BRINE 

30/1737 

SAMPLING 
PREPARATION, SUBSAMPLING AND TRANSPORTATION OF SAMPLES 

30/1738 

DATABASE 
SAMPLES, LABELS AND DATA SHEETS 

30/1750 

OPERATION OF THE DHI MTEF 30/1762 
CLEANING 
RETENTION TANKS; PIPINGS AND OTHER EQUIPMENT AT TEST SITE 

30/1763 

MEASUREMENT METHOD 
ON-LINE MONITORING OF PRESSURE, TEMPERATURE, FLOW RATES AND QUALITY 
PARAMETERS AT TEST SITE 

30/1764 

MEASUREMENT METHOD 
FLUORESCENCE 

30/1765 

MEASUREMENT METHOD 
TURBIDITY 

30/1766 

DHI MTEF 
HEALTH AND SAFETY 

30/1767 

MEASUREMENT METHOD 
DETERMINATION OF TSS 

30/1768 

MEASUREMENT METHOD 
DETERMINATION OF DOC AND POC 

30/1769 

MEASUREMENT METHOD 
DETERMINATION OF TRANSMITTANCE 

30/1770 
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A P P E N D I X  B  

Overview of lists 
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Overview of lists 

The lists mentioned below are kept together with the rest of quality documentation. 

Classification society 

DHI holds a statement describing the Classification society that has certified the DHI 
Maritime Technology Evaluation Facility. 

List of sub-contractors 
DHI keeps a list of sub-contractors used during the test. The list contains information on 
name of company, address, contact person, e-mail, telephone number and deliveries. 

List of project managers 
DHI keeps a list of appointed project managers and their experience records. The pro-
ject manager’s competence is documented in an available CV. 

List of staff approved for functions at the test facility 
DHI keeps a list of persons working at the test facility. The list contains information on 
the person’s activities, responsibility and documentation for training. The person’s 
competence is documented in an available CV. 

List of Standard Operating Procedures 
DHI keeps a list of DHI SOPs, including those used in relation to projects conducted at 
the test facility. 
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A P P E N D I X  C  

Template for amendments to QAPP 
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AMENDMENT 
 
 
AMENDMENT NUMBER 

QAPP DOCUMENT TITLE AND MONTH OF ISSUE 

DATE OF AMENDMENT  

DESSCRIPTION OF AMENDMENT 

REASON FOR AMENDMENT 

IMPACT OF AMMENDMENT 

PREVENTATIVE ACTION 

If relevant, action to prevent that the same cause of amendment will occur in the future. 

 

SIGNED BY 

 

  
Project Manager  

 
 
 
 
 
 
 
 
 
 
 
 
Copy to be sent to the manufacturer, the classification society or Independent Laborato-
ry and the DHI Quality Assurance Unit. 
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A P P E N D I X  D  

Template for deviations to QAPP 
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DEVIATION 
 
 
DEVIATION NUMBER  

QAPP DOCUMENT TITLE AND MONTH OF ISSUE 

DATE OF DEVIATION  

DESCRIPTION OF DEVIATION 

REASON FOR DEVIATION 

IMPACT OF DEVIATION 

PREVENTIVE ACTION 

If required, actions to be taken to prevent consequences of deviation 

SIGNED BY 

 

  
Project Manager  

 
 
 
 
 
 
 
 
Copy to be sent to the manufacturer, the classification society or Independent Laborato-
ry and the DHI Quality Assurance Unit. 
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AMENDMENT No. 1 
 

Test plan 

Biological efficacy performance evaluation of the RayClean Ballast Water Management 

System in shipboard test. May 2013. 

2013.06.22 

 

Amendment comments 

Temperature logging during shipment of samples 

During transportation of samples the temperature will be logged and the data will be included in 

the final report.  

Detailed information on shipment of samples 

The transport time is crucial, and it will always be pursued to limit the time of transportation and 

to ship samples to the DHI environmental laboratory, Denmark in the quickest practical and 

possible way. Depending on the location and duration of a testing campaign it may take up to 3 

days after de-ballast before samples arrive at the DHI environmental laboratory. After 

processing the samples on location, the samples will be stored cool and dark and temperature 

will be logged until shipment to the DHI environmental laboratory. Shortly before shipment the 

samples will be packed in cool boxes with temperature loggers. Survival of organisms in the 

size class ≥10 and< 50 µm during storage and transport will be represented by the enumeration 

of viable organisms in this size class in the control discharge water. According to MEPC.174(58) 

(IMO G8 guidelines) and U.S. Coast Guard Standards there are no specific requirements in 

relation to transport time of samples from shipboard testing.   

Project organisation and personnel responsibilities 

In Figure 2.1 DHI’s project organisation. The Administration is Denmark, not Norway. 

Analyses of organisms ≥10 and <50 µm 

In section 7.2.3 of the test plan it is described that inverted microscopy enumeration for samples 

preserved with Lugol’s solution will be applied to confirm that the validity criterion for the 

concentration of organisms ≥10 and <50 µm in the control discharge water is fulfilled. 

Enumeration of CMFDA/FDA stained organisms will be applied to confirm that the validity 

criterion for the concentration of organisms ≥10 and <50 μm in the control discharge water is 

fulfilled.  

 

Time schedule 

The first campaign (Campaign 1) with RayClean will include one test cycle. Campaign 1 is 

scheduled to be conducted between 23 and 26 June 2013 in Port Tangier, Morocco and Lisbon, 

Portugal. 

Reason for Amendment 

Detailed descriptions regarding approach for temperature logging and shipment of samples as 

requested by DNV. Correction of error in administration in figure 2.1. Adjusted methodology for 

analyses of organisms ≥10 and <50 µm described in section 7.2.3 and details on dates and 

locations for campaign 1 related to the time schedule in section 10 included.  

Impact of Amendment 

Temperature logging for storage and shipment of samples will be included in the final report. 

Enumeration of CMFDA/FDA stained organisms will be applied to confirm that the validity 

criterion for the concentration of organisms ≥10 and <50 μm in the control discharge water is 

fulfilled.  

Preventive action 

Not relevant. 
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Michael Andersen 

 
  

Project manager  

2013.06.22  

Date 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance Unit. 

 

Attachment: 

 DNV comments to the Test Plan 
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MEMO TO:  Ingrid Sigvaldsen 
 

MEMO NO.:  

FROM: DNV  

COPY:  Line Sverdrup DATE: 14.06.13 

 Jad Mouawad  PREP. BY: Marte Rusten 

   

 
 
 

 

Review of Quality Assurance Project Plan (QAPP) for biological efficacy performance 

evaluation of the “RAYCLEAN” Ballast Water Management System in shipboard test 

(DESMI Ocean Guard A/S) 

 

 

 

The following documentation has been reviewed:  

 

 Biological efficacy performance evaluation of the “RAYCLEAN” Ballast Water 

Management System in land-based test – test plan dated May 2013  

 

 Biological efficacy performance evaluation of Ballast Water Management Systems – 

Quality Assurance Project Plan Version 2.2 dated March 2013 

 

 

The DESMI Ocean Guard Ray Clean
TM 

BWTS is based on pre- and after treatment modules 

consisting of filtration in combination with UV. The objective of the project is to conduct a 

performance assessment of the BWMS with the aim to meet the testing requirements in IMO 

regulation D-2 and the U.S. Coast Guard Standards for living Organisms in Ships Ballast Water 

Discharged in U.S. Waters.  In order to fulfil the US Coast Guards standard the BWMS must be 

tested according to the ETV protocol test plan during shipboard testing.  

  

My impression is that the documents are well written and strategies for sampling, testing, data 

handling are described in sufficient detail and are in compliance with the requirements for 

shipboard testing. 

 

My only concern is the time before analyses of the samples shipped from the Iberian Peninsula 

and would like DHI to include some detailed information on how samples are shipped back to 

the laboratory and the expected time before analyses.  DNV normally requires that samples for 

the enumeration of organisms sized 10 µm – 50 µm samples are analysed within 24 hours after 

sampling. Any deviation from this requirement must be clearly stated and the documentation of 

survival of organisms during transportation must be provided. 

 

DNV also requires that the temperature in the samples must be logged during transportation. 

This can be achieved by having separate bottles with temperature loggers to monitor 

temperature until the samples are processed at DHI.  Please arrange for temperature logging 
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during transport and report measurements in the final test report.  

 

 

 
     Yours sincerely 
 
     For DET NORSKE VERITAS AS 

 
 

Marte Rusten, PhD 
Senior consultant DNV 
 

 

 



  

 

EAT/11814563/Test Plan Amendment No. 2/2013.10.29  1 of 1 
 

 

AMENDMENT No. 2 
 
Test plan 

Biological efficacy performance evaluation of the RayClean Ballast Water Management 

System in shipboard test. May 2013. 

2013.10.29 

 

Amendment comments 

Time schedule 

The second campaign (Campaign 2) with RayClean will include two test cycles. Campaign 2 is 

scheduled to be conducted between 1 and 3 November 2013 in Lisbon, Portugal and Algeciras, 

Spain. 

 

Reason for Amendment 

Planned amendment with details on dates and locations for campaign 2.  

Impact of Amendment 

None. 

Preventive action 

Not relevant. 

 

f. Michael Andersen 

 
  

Project manager  

2013.10.29  

Date 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance Unit. 
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AMENDMENT No. 3 
 
Test plan 

Biological efficacy performance evaluation of the RayClean Ballast Water Management 

System in shipboard test. May 2013. 

2014.01.22 

 

Amendment comments 

Time schedule 

The third campaign (Campaign 3) with RayClean will include two test cycles. Campaign 3 is 

scheduled to be conducted between 25 and 30 January 2014 in Mindelo and Praia, Cape 

Verde. 

 

Reason for Amendment 

Planned amendment with details on dates and locations for campaign 3.  

Impact of Amendment 

None. 

Preventive action 

Not relevant. 

 

Michael Andersen 

 
  

Project manager  

2014.01.22  

Date 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance Unit. 
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1 EXECUTIVE SUMMARY 

DNV surveyors Jad Mouawad, Marte Rusten and Qinglan Wu attended the shipboard test of 

RayClean-300 BWMS onboard Thuroe Maersk on 23th and 25th June 2013. The survey was part of 

the Type Approval program for RayClean according to USCG 46 CFR 160.060, 33 and Guideline G8 

of the IMO Ballast Water Management Convention.  

The survey included: 

1. Inspection of RayClean-300 BWMS test configuration onboard 

2. Monitoring the operational performance of the BWMS during ballasting and de-ballasting and 

the bypassing of the BWMS system  

3. Verifying that operation during testing of biological efficacy was conducted according to 

USCG guidelines 

The tests of RayClean-300 BWMS during ballasting and de-ballasting operations were performed on 

25 June 2013 when Thuroe Maersk was alongside at port Lisbon. This was the first test of in total 5 

test cycles to be carried out on the same vessel over a period of 6 months.  

The RayClean-300 BWMS was installed according to the Test Plan. The control system and the 

operation system worked normally during the tests.   

Ballasting of control water was performed with a flow rate of ca. 300 m
3
/h. For ballasting of treated 

water the flow rate was automatically reduced to 200-250 m3/h, due to high water turbidity and the 

flow regulation feature of RayClean BWMS. DNV recommend performing future ship board tests with 

a flow rate at the high end of the RayClean BWMS until receiving clear instructions from USCG.  

All sampling procedures observed by DNV surveyors were according to QAPP, except for the 

inoculation of the MPN assay. 

The ship officer performed ballasting control procedures.  

Following the survey, DNV requires copies of all hand logs and a final report of the tests from DHI 

submitted to DNV.  

The final verification of the shipboard test will be done after the completion of the whole test trial, and 

based on evaluation of the test data and the logbook for the operations of RayClean during the trial. 

2 INTRODUCTION 

The RayClean-300 BWMS is based on filter and UV disinfection technologies. The system treats 

ballast water through filtration and UV radiation, both during ballasting and de-ballasting. According 

to the technical manual by DESMI (DESMI Ocean Guard A/S, 2013-04-23), the system has a 

Treatment Rated Capacity of 300 m
3
/h.  

A special feature of the treatment system is that it can regulate the flow rate in turbid water to maintain 

the targeted UV-dose, and it can also dim UV light in clean water to save energy use. If the UV 

Intensity (UVI) is lower than 165 w/m
2
, the flow rate will be reduced depending on water turbidity; if 

the UVI is higher than 200 w/m
2
, the UV lamped will be dimmed, at a maximum of 50% of the 

original power.   
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3 MAIN PART OF REPORT 

3.1 General Information 

QAPP and Shipboard Test Plan were prepared by DHI (Gitte I. Petersen, 2013-05-15) and submitted to 

DNV. Both documents have been examined by DNV for compliance with IMO Guideline G8 and 

USCG Reg. 46 CFR Part 162 before testing. The “RayClean Operation Maintenance and Safety 

Manual” prepared by DESMI was approved with comments on 2013-06-19. DNV required the 

revision to be submitted to DNV as soon as possible. 

The RayClean-300 BWMS has been installed onboard Thuroe Maersk since May 2013; and operated 

by the chief officer of the ship. However, the operation was stopped due to a leaking seal of the 

mechanical clean system. The leak was repaired by DESMI on 2013-06-22 before the test started.  

Thuroe Maersk is a container ship of 16 982 Gross tonnage with 18 Ballast water tanks of in total ca. 

8000 m3 ballast water capacity. The two ballast water tanks intended to be used for the test were tank 

no. B3SS (treated water) and B3SP (control water), each with a capacity of 512.8 m
3
. The ballast water 

pump capacity for the test system was 300 m
3
/h. 

The ship’s chief officer Ruben Peter Moreira was assigned to be responsible for operation of the 

ballasting and de-ballasting procedure. The crew was also requested to keep record of the operation, 

the location of ballasting and de-ballasting as well as weather condition during the whole test trial. 

Camila Hedberg and Michael Andersen from DHI were responsible for sampling, storing and 

transporting of water samples to DHI laboratory, and analyzing part of the water samples on board.  

Mark Kalhøj and Michael Claville from DESMI were also onboard, they did repair work and final 

check to ensure that the treatment system worked properly and the operational conditions were normal 

before the test started. DNV informed both DESMI and the chief officer that as soon as the test started 

DESMI personals should not be involved in any operation of the treatment system. During the whole 

test trial, the system should only be operated by the crew of the ship. Instructions for Operation of the 

RayClean BWMS during Type Approval Testing were prepared by DNV and sent to Thuroe Maersk 

crew and DESMI for information (enclosed with this report as Appendix 1). 

A Letter of Readiness for shipboard testing of RayClean BWMS from DESMI was received on 25 

June 2013 (enclosed as Appendix 2). 

3.2 Parts of the assembly tested 

The test system consists of the following main components: 

• Filter unit: Boll & Kirch Filter (type 618.2 PN 10) with standard 30 µm filter 

• UV cassette with 60 low pressure Philips 325 W lamps (type Philips TUV 325W XPT), an 

internal mechanical clean system, and UV intensity sensor (Type ZED 601-OE-I-037. 20mA = 

500 W/m
2
) 

• UV control cabinet for the 60 lamp drivers (type Philips 913710054995 TUV 325W XPT 

Lamp Driver) 

• Main Electrical cabinet for operating the system (HMI Omron type NS15-TX01B-V2 with 

CPU CJ2M-CPU31)  

• Flow meter, type xxxx 

• Filter back-flushing pump, type xxx 
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3.3 Survey of the BWMS test configuration 

Before the start of the tests, the ballast water treatment system, the control systems and the sampling 

facilities were inspected and found in compliance with descriptions in Test Plan.  

 

Arrangement of RayClean-300 BWMS 

The filter unit, UV unit, flow meter and back-flushing pump were placed in a container installed close 

to the engine room (Figure 1a). The sampling facilities from DHI were also installed inside the 

container, temporarily for the tests. The RayClean BWMS system can be operated from the container 

as well as from a control panel in the ship’s office at the deck.  

The ballast pump and the ballast water by-p  ass valve were located in the engine room (Figure 1b). The 

ballast pump and the valves for the ballast tanks could be controlled from the ship’s office, but not 

locally at the BWMS container. During the test, the operation of BWMS was performed in the control 

room and the sampling was performed locally at the BMWS container.  

Fresh water from ship’s technical water system was connected to the BWMS to flushing the BWMS 

system after each ballasting or de-ballasting to minimize corrosion risk. During the test, the system 

was flushed with fresh water after each operation to avoid cross contamination. 

Currently, the DESMI BWMS control system is not integrated in the ship’s Main Ballast Water 

Control System. The operation of BWMS has to be recorded manually by the crew of the ship. 

a:      b:  

    
Figure 1a: The filter unit equipped with pressure sensor is connected to ballast water inlet pipe (on the 

left) and the UV unit (on right site) in a container; 1b: ballast water by-pass valve between in-let and 

out-let pipes in engine room. 

 

Sampling point, pipes and valves to BWMS 

The ship’s ballast water system was connected to RayClean BWMS with two pipes, one at the inlet of 

the filter unit of the treatment system and one at the outlet of the UV unit of treatment system (Figure 

2). The flow meter was installed in the outlet pipe after UV treatment unit. The sampling point located 

in the outlet pipe, as indicated in Fig 2a, was used for collecting both control water and treated water 

during ballasting and de-ballasting. From the sampling point, a ca. 8 meters long sampling line (3) was 

connected to the sampling facilities located in the same container.  

To by-pass the treatment system, a connection was made between the inlet pipe and out-let pipes as 

illustrated in Figure 2 b. The two valves on the by-pass pipe were in open position when pumping sea 
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water into control tanks, and closed when pumping sea water through the treatment system. By 

opening a small tube fixed on the side of the by-pass pipe it could be demonstrate whether or not water 

was inside the by-passes pipe. 

a:        b: 

    
Figure 2a: (1) inlet pipe to the filter unit; (2) out-let from UV unit; (3) sampling point and sampling 

pipe to the sample collection port; (4) by-pass pipe with valves (5); (6) a tube with opening; (7) 

additional sampling point for collecting inlet water during BW treatment.  

 

Sampling facilities and test laboratory on location 

At the sample collection port, the sampling pipe was connected to a manifold with three outlets 

controlled by three flow meters, so that three parallel water samples could be collected simultaneously.  

For collecting of organisms >50 µm, one sampling net was placed under each of the three outlets to 

collect three filtrate samples. For sampling of organisms < 50 µm and water quality samples, an 

extension of the manifold by flexible piping were used to collect water samples bottles. 

A small test laboratory equipped with Zeiss Stemi 2000 microscope was located beside the ship office, 

which was used for sample preparation and counting of organisms onboard. 

 

3.4 Observation during shipboard test 

It was originally planned to perform the ballasting operation at port of Tangier and de-ballasting at the 

next port Lisbon. However, the test at Tangier had to be terminated as the ballast water pump could 

only run at 250 m
3
/h, instead of 300 m

3
/h. This was due to low water pressure at the pump inlet as a 

result of low draft of the ship at the port. It was then decided to test both ballasting and de-ballasting at 

the port in Lisbon where water is deeper. 

 

Operation of BWMS 

Ballasting of control water  

The test started with pumping sea water into control tank No.3P at a flow rate of 300 m
3
/h. The 

treatment system was bypassed by opening the by-pass valves. During ballasting, three sets of water 

samples were taken at an interval of 20 minutes; samples for organisms >50 µm were collected 

continuously through nets. Approximately 300 m
3
 water was pumped into the control tank.  

 Sampling point 
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Sea water at the port looked quit turbid. Based on onboard microscopic counting, the organisms >50 

µm in inlet water was estimated as >10
5
 cell/m

3
. 

Flushing of pipes with treated water  

The RayClean BWMS was started and warmed up, the by-pass valves (5) were closed, and treated 

water was pumped through the piping system for cleaning purpose.  

Ballasting of treated water  

To test the treatment system during ballasting, sea water was pumped through the BW treatment 

system into tank no. 3S. Different control parameters could be monitored on the display of control 

panels in the container, as well as in the ship office. The UV intensity was 123 w/m
2
, which was below 

the set value of 165 w/m
2
 for starting the flow regulation system. The flow rate was reduced and varied 

in a range between 200 and 250 m
3
/h. The back flushing of filter was automatically starting and 

stopping when the pressure difference across the filter raising to 0.5 bar or falling back to 0.35 bar. 

The water temperature was 16.3  ͦC and water pressure in piping system was between 1.5 and 2.7 bar.  

De-Ballasting of control water and treated water  

De-ballasting of control water from Tank no. 3P and subsequent de-ballasting of treated water from 

tank No. 3S were performed after a holding time of ca. 2 hours. Water samples were collected. 

DNV surveyors were not onboard during the de-ballasting operations. Following the survey, DNV 

requires copies of all hand logs and a final report of the tests from DHI submitted to DNV. 

 

4 COMMENTS AND RECOMMENDATIONS 

 

The shipboard test was evaluated for compliance with the requirements set out in USCG §162.060-28 

and IMO G8, Annex Part 2.2. The following comments and recommendations are given: 

• The “Operational and Maintenance and Safety Manual” was not yet finalized at the time when 

shipboard test started. Information on a) maintenances parameters and maintenance 

requirements and b) all instrument calibration methods and frequency of calibration need to be 

included in the OMSM and submitted to DNV as soon as possible (ref. §162.060-28, c-(2) and 

i-(9)). The crew member operating the BWMS should also be informed.   

• Due to the flow regulation feature of RayClean BWMS and the high turbidity of the source 

water, the maximum flow rate of 300 m
3
/h was not achieved for the first test. DNV has 

discussed the issue with USCG, but no conclusion was made so far. DNV recommend using 

the flow rate representative of the upper end of the TRC wherever possible until receiving final 

decision from USCG (ref. §162.060-28, e-(1)). 

• To meet the requirements regarding geographic and seasonal variability conditions (ref. 

§162.060-28, e-(2)), DNV recommend conducting further tests at Bissau and Morocco, in 

addition to Lisbon. Further investigation is needed to ensure that the recommended locations 

meet the USCG requirements on source water and port facilities (ref. §162.060-28 e-(2)-i+ ii 

and e-(3)).  
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• The final verification of the shipboard test will be done after completion of the whole test trial, 

and based on evaluation of DHI test report and documentation and logbook for the operations 

of RayClean during the trial ref (§162.060-28, i) 

• Additional comments may be found in the Memo; survey report for 1
st
 shipboard test of 

DESMI Ocean Guard A/S RayClean BWMS 

 

In addition, it was noticed that the leaking seal in cleaning mechanism was discovered by the crew 

when they observed water in the container, no alarm was given by the BWMS. Technical measures to 

avoid flooding should be considered, and any improvement/modification in RayClean BWMS should 

be reported and reflected in the OMSM.   
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6 APPENDIX  

6.1 Appendix 1: Instructions for Operation of the RayClean BWMS during Type 

Approval Testing,  

 

6.2 Appendix 2: Letter of Readiness for shipboard testing of RayClean BWMS  
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Table A.2.1.1 Data logging treated water, shipboard test cycle No. 1 

Subject Data 

Treatment system RayClean 

Manufacturer specified parameters 
(e.g. number of treatment 
reactors/units, filter model, filter mesh 
size, etc.) 

1 UV unit: Max. TRC 300 m
3
/h 

 60 low pressure UV lamps: DESMI Ocean Guard item No. 716433  
Filter: Boll&Kirch type 6.18.2 BWT DN 250; 30-µm mesh candles 

Salinity (PSU) 34 

Ballast tank No. 3 port side 

Test cycle No. 1 

Date and time ballast start 2013.06.25 18:12 (local time, GMT+0) 

Date and time ballast stop 2013.06.25 19:33 (local time, GMT+0) 

Location for ballast (latitude/longitude) 
Alcântara Container Terminal; Port of Lisbon (PT) 

Coordinates: 38⁰ 41.9 ‘N; 009⁰ 09.8 ‘W 

Treated volume during ballast 285 m
3
 

Flow rate during ballast (calculated) 211 m
3
/h 

Power consumption during ballast 28 kWh 

UV intensity during ballast 88-137 W/m
2
 

Date and time de-ballast start 2013.06.26 00:24 and 01:00 (local time, GMT+0) 

Date and time de-ballast stop 2013.06.26 00:45 and 01:22 (local time, GMT +0) 

Location for de-ballast 
(latitude/longitude) 

Alcântara Container Terminal; Port of Lisbon (PT) 
Coordinates: 38⁰ 41.9 ‘N; 009⁰ 09.8 ‘W 

Treated volume during de-ballast 171 m
3 
(85 and 86 m

3
)
 
 

Flow rate during de-ballast (calculated) 239 m
3
/h 

Power consumption during de-ballast 17 kWh (8.9 and 7.9 kWh)  

UV intensity during de-ballast 128-134 W/m
2
 

Weather conditions during test Wind 5 knots; NW; wave height 0 m 

General comments/operational issues 

Deballast operation was interrupted for 15 min due to water in an electrical 
socket caused by a leaking DHI sampling unit.  
Failure on lamp No. 25 in the RayClean BWMS registered. Lamp reset 
function was activated, which solved the problem. 
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Table A.2.1.2 Data logging control water, shipboard test cycle No. 1 

Subject Data 

Salinity (PSU) 34 

Ballast tank No. 3 starboard side 

Date and time ballast start 2013.06.25 15:45 (local time, GMT+0) 

Date and time ballast stop 2013.06.25 16:50 (local time, GMT+0) 

Location for ballast (latitude/longitude) 
Alcântara Container Terminal; Port of Lisbon (PT) 

Coordinates: 38⁰ 41.9 ‘N; 009⁰ 09.8 ‘W 

Volume during ballast* 273 m
3
 

Flow rate during ballast (calculated)* 252 m
3
/h 

Date and time de-ballast start 2013.06.25 21:24 (local time, GMT+0) 

Date and time de-ballast stop 2013.06.25 22:01 (local time, GMT+0) 

Location for de-ballast 
(latitude/longitude) 

Alcântara Container Terminal; Port of Lisbon (PT) 
Coordinates: 38⁰ 41.9 ‘N; 009⁰ 09.8 ‘W 

Volume during de-ballast* 137 m
3
 

Flow rate during de-ballast (calculated)* 222 m
3
/h 

General comments/operational issues RayClean installation bypassed during ballast operation of control water.  

* Volume recording and associated flow rate based on the vessel’s ballast tank level gauging system. Recordings may be 
uncertain as a result of heeling of the vessel. 

Table A.2.1.3 Onsite measurements, shipboard test cycle No. 1 (standard deviations in 
parentheses) 

Water type 

Dissolved 

oxygen 

(mg/L) 

pH 
Salinity 

(PSU) 

Temperature 

(°C) 

Turbidity 

(NTU) 

Inlet control 6.5 (±0.15) 7.9 (±0.02) 34 (±0.60) 17 (±0.43) 28 (±0.00) 

Inlet BWMS 6.4 (±0.27) 7.9 (±0.02) 34 (±1.3) 17 (±0.93) 13 (±4.5) 

Control discharge 6.5 (±0.14) 7.9 (±0.00) 34 (±0.26) 17 (±0.26) 18 (±0.00) 

Treated discharge 6.5 (±0.17) 7.9 (±0.01) 34 (±0.65) 18 (±0.24) 10 (±0.58) 

PSU Practical salinity units 
NTU Nephelometric turbidity units 
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Table A.2.2.1 Data logging treated water, shipboard test cycle No. 2  

Subject Data 

Treatment system RayClean 

Manufacturer specified parameters 
(e.g. number of treatment 
reactors/units, filter model, filter mesh 
size, etc.) 

1 UV unit: Max. TRC 300 m
3
/h 

60 low pressure UV lamps: DESMI Ocean Guard item No. 716433 
Filter: Boll&Kirch type 6.18.2 BWT DN 250; 30-µm mesh candles 

Salinity (PSU) 29-32 

Ballast tank No. 3 Port side 

Test cycle No. 2 

Date and time ballast start 2013.11.01 16:42 (local time, GMT+0) 

Date and time ballast stop 2013.11.01 19:23 (local time, GMT+0) 

Location for ballast (latitude/longitude) 
Alcântara Container Terminal; Port of Lisbon (PT) 

Coordinates: 38⁰ 42 ‘N; 009⁰ 10 ‘W 

Treated volume during ballast 523 m
3
 

Flow rate during ballast (calculated) 195 m
3
/h 

Power consumption during ballast 52 kWh 

UV intensity during ballast 40-205 W/m
2
 

Date and time de-ballast start 2013.11.03 09:04 (local time, GMT+0) 

Date and time de-ballast stop 2013.11.03 09:52 (local time, GMT+0) 

Location for de-ballast 
(latitude/longitude) 

Alcântara Container Terminal; Port of Lisbon (PT) 
Coordinates: 38⁰ 42 ‘N; 009⁰ 10 ‘W 

Treated volume during de-ballast 227 m
3
 

Flow rate during de-ballast (calculated) 284 m
3
/h 

Power consumption during de-ballast 14 kWh 

UV intensity during de-ballast 200-282 W/m
2
 

Weather conditions during test Wind 1-2 m/s; N.b.E;  wave height 0 m 

General comments/operational issues 

Before initiating the test cycle, the Boll&Kirch filter was checked by sea-to-
sea operation, which showed that the differential pressure was too high. 
Therefore, DESMI Ocean Guard staff manually made the filter backwash in 
order to clean the filter elements. 
During the ballast operation, a “low UV” alarm occurred as the UV intensity 
dropped below the system limit of 55 W/m

2
. Nevertheless, ballast operation 

was continued. The UV intensity was below 55 W/m
2
 for approx. 30 min. 

Table A.2.2.2 Onsite measurements, shipboard test cycle No. 2 (standard deviations in 
parentheses) 

Water type 

Dissolved 

oxygen 

(mg/L) 

pH 
Salinity 

(PSU) 

Temperature 

(°C) 

Turbidity 

(NTU) 

Inlet control 5.7 (±0.10) 7.4 (±0.01) 29 (±0.18) 19 (±0.01) 8.7 (±1.2)* 

Inlet BWMS 6.1 (±0.39) 7.4 (±0.02) 31 (±0.97) 19 (±0.23) 56 (±33)* 

Control discharge 6.3 (±0.64) 7.4 (±0.01) 30 (±0.35) 19 (±0.49) 20 (±23) 

Treated discharge 5.6 (±0.13) 7.4 (±0.01) 31 (±0.18) 19 (±0.05) 5.0 (±0.00) 

PSU Practical salinity units 
NTU Nephelometric turbidity units 
* The turbidity in the inlet water varied during ballast operations as a result of passing vessels stirring up sediment 



  

EAT/11812728/Biological efficacy performance evaluation in shipboard test/RayClean/Final report/2014.10.23 A.2-4 

Table A.2.3.1 Data logging treated water, shipboard test cycle No. 3 

Subject Data 

Treatment system RayClean 

Manufacturer specified parameters 
(e.g. number of treatment 
reactors/units, filter model, filter mesh 
size, etc.) 

1 UV unit: Max. TRC 300 m
3
/h 

60 low pressure UV lamps: DESMI Ocean Guard item No. 716433 
Filter: Boll&Kirch type 6.18.2 BWT DN 250; 30-µm mesh candles 

Salinity (PSU) 29-32 

Ballast tank No. 3 starboard side 

Test cycle No. 3 

Date and time ballast start 2013.11.01 21:33 (local time, GMT+0) 

Date and time ballast stop 2013.11.01 23:23 (local time, GMT+0) 

Location for ballast (latitude/longitude) 
Alcântara Container Terminal; Port of Lisbon (PT) 

Coordinates: 38⁰ 42 ‘N; 009⁰ 10 ‘W 

Treated volume during ballast 405 m
3
 

Flow rate during ballast (calculated) 221 m
3
/h 

Power consumption during ballast 36 kWh 

UV intensity during ballast 61-230 W/m
2
 

Date and time de-ballast start 2013.11.03 14:01 (local time, GMT+0) 

Date and time de-ballast stop 2013.11.03 14:47 (local time, GMT+0) 

Location for de-ballast 
(latitude/longitude) 

Alcântara Container Terminal; Port of Lisbon (PT) 
Coordinates: 38⁰ 42 ‘N; 009⁰ 10 ‘W 

Treated volume during de-ballast 223 m
3
 

Flow rate during de-ballast (calculated) 291 m
3
/h 

Power consumption during de-ballast 15 kWh 

UV intensity during de-ballast 156-208 W/m
2
 

Weather conditions during test Wind 1-2 m/s; N.b.E;  wave height 0 m 

General comments/operational issues - 

Table A.2.3.2 Onsite measurements, shipboard test cycle No. 3 (standard deviations in 
parentheses) 

Water type 

Dissolved 

oxygen 

(mg/L) 

pH 
Salinity 

(PSU) 

Temperature 

(°C) 

Turbidity 

(NTU) 

Inlet control 5.7 (±0.10) 7.4 (±0.01) 29 (±0.18) 19 (±0.01) 8.7 (±1.2)* 

Inlet BWMS 6.4 (±0.32) 7.4 (±0.02) 30 (±1.1) 19 (±0.08) 38 (±17)* 

Control discharge 6.3 (±0.64) 7.4 (±0.01) 30 (±0.35) 19 (±0.49) 20 (±23) 

Treated discharge 5.7 (±0.12) 7.4 (±0.00) 31 (±0.11) 19 (±0.00) 7.3 (±3.2) 

PSU Practical salinity units 
NTU Nephelometric turbidity units 
* The turbidity in the inlet water varied during ballast operations as a result of passing vessels stirring up sediment 
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Table A.2.3.3 Data logging control water, shipboard test cycle No. 2 and 3 

Subject Data 

Salinity (PSU) 29 

Ballast tank No. 4 port side 

Date and time ballast start 2013.11.01 20:01 (local time, GMT+0) 

Date and time ballast stop 2013.11.01 21:12 (local time, GMT+0) 

Location for ballast (latitude/longitude) 
Alcântara Container Terminal; Port of Lisbon (PT) 

Coordinates: 38⁰ 42 ‘N; 009⁰ 10 ‘W 

Volume during ballast* 373 m
3
 

Flow rate during ballast (calculated)* 315 m
3
/h 

Date and time de-ballast start 2013.11.03 12:40 (local time, GMT+0) 

Date and time de-ballast stop 2013.11.03 13:26 (local time, GMT+0) 

Location for de-ballast 
(latitude/longitude) 

Alcântara Container Terminal; Port of Lisbon (PT) 
Coordinates: 38⁰ 42 ‘N; 009⁰ 10 ‘W 

Volume during de-ballast* 201 m
3
 

Flow rate during de-ballast (calculated)* 262 m
3
/h 

General comments/operational issues RayClean installation bypassed during ballast operation of control water 

* Volume recording and associated flow rate based on the ballast tank level gauging system of the vessel. Recordings 
may be uncertain as a result of heeling of the vessel. 
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Table A.2.4.1 Data logging treated water, shipboard test cycle No. 4  

Subject Data 

Treatment system RayClean 

Manufacturer specified parameters 
(e.g. number of treatment 
reactors/units, filter model, filter mesh 
size, etc.) 

1 UV unit: Max. TRC 300 m
3
/h 

60 low pressure UV lamps: DESMI Ocean Guard item No. 716433 
Filter: Boll&Kirch type 6.18.2 BWT DN 250; 30-µm mesh candles 

Salinity (PSU) 37 

Ballast tank No. 3 port side 

Test cycle No. 4 

Date and time ballast start 2014.01.27 16:49 (local time, GMT-1) 

Date and time ballast stop 2014.01.27 18:24 (local time, GMT-1) 

Location for ballast (latitude/longitude ) 
Porto Grande; Mindelo; Cape Verde 

Coordinates: 16⁰ 53.3 ‘N; 24⁰ 59.9 ‘W 

Weather conditions during ballast Wind 8-9 m/s; N.b.E; wave height 0.5 m 

Treated volume during ballast 465 m
3
 

Flow rate during ballast (calculated) 294 m
3
/h 

Power consumption during ballast 30 kWh 

UV intensity during ballast 500 W/m
2
 

Date and time de-ballast start 2014.01.29 15:58 (local time, GMT-1) 

Date and time de-ballast stop 2014.01.29 16:39 (local time, GMT-1) 

Location for de-ballast 
(latitude/longitude) 

Porto da Praia; Praia; Cape Verde 
Coordinates: 14⁰ 54.5 ‘N; 23⁰ 30.0 ‘W 

Weather conditions during de-ballast Wind 4-6 m/s; N.b.E;  wave height 0 m 

Treated volume during de-ballast 186 m
3
 

Flow rate during de-ballast (calculated) 272 m
3
/h 

Power consumption during de-ballast 13 kWh 

UV intensity during de-ballast 500 W/m
2
 

General comments/operational issues 

During BWMS start-up for the ballast operation, an alarm occurred: “Fault 
lamp driver in UV unit#1; Lamp fault No. 28”. The fault was caused by water 
in the UV lamp quartz sleeve due to a leaking gasket. Lamp No. 28 was 
replaced and the BWMS was restarted. Weather conditions during voyage 
from Mindelo to Praia, Cape Verde: 12-20 m/s N.b.E; wave height 2 m. 
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Table A.2.4.2 Data logging control water, shipboard test cycle No. 4 

Subject Data 

Salinity (PSU) 37 

Ballast tank No. 3 starboard side 

Date and time ballast start 2014.01.27 14:26 (local time, GMT-1) 

Date and time ballast stop 2014.01.27 15:50 (local time, GMT-1) 

Location for ballast (latitude/longitude) 
Porto Grande; Mindelo; Cape Verde 

Coordinates: 16⁰ 53.3 ‘N; 24⁰ 59.9 ‘W 

Volume during ballast* 400 m
3
 

Flow rate during ballast (calculated)* 286 m
3
/h 

Date and time de-ballast start 2014.01.29 16:52 (local time, GMT-1) 

Date and time de-ballast stop 2014.01.29 17:12 (local time, GMT-1) 

Location for de-ballast 
(latitude/longitude) 

Porto da Praia; Praia; Cape Verde 
Coordinates: 14⁰ 54.5 ‘N; 23⁰ 30.0 ‘W 

Volume during de-ballast* 127 m
3
 

Flow rate during de-ballast (calculated)* 381 m
3
/h 

General comments/operational issues RayClean installation bypassed during ballast operation of control water. 

* Volume recording and associated flow rate based on the ballast tank level gauging system of the vessel. Recordings 
may be uncertain as a result of heeling of the vessel. 

Table A.2.4.3 Onsite measurements, shipboard test cycle No. 4 (standard deviations in 
parentheses) 

Water type 

Dissolved 

oxygen 

(mg/L) 

pH 
Salinity 

(PSU) 

Temperatur

e (°C) 

Turbidity 

(NTU) 

Inlet control 6.2 (±0.06) 8.1 (±0.01) 37 (±0.06) 22 (±0.04) 5.3 (±0.38) 

Inlet BWMS 5.9 (±0.54) 8.2 (±0.01) 37 (±0.02) 22 (±0.04) 4.9 (±0.38) 

Control discharge 6.5 (±0.02) 8.1 (±0.00) 37 (±0.01) 23 (±0.00) 3.3 (±0.58) 

Treated discharge 6.5 (±0.02) 8.1 (±0.04) 37 (±0.00) 23 (±0.00) 4.0 (±0.00) 

PSU Practical salinity units 
NTU Nephelometric turbidity units 
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Table A.2.5.1 Data logging treated water, shipboard test cycle No. 5 

Subject Data 

Treatment system RayClean 

Manufacturer specified parameters 
(e.g. number of treatment 
reactors/units, filter model, filter mesh 
size, etc.) 

1 UV unit: Max. TRC 300 m
3
/h 

60 low pressure UV lamps: DESMI Ocean Guard item No. 716433 
Filter: Boll&Kirch type 6.18.2 BWT DN 250; 30-µm mesh candles 

Salinity (PSU) 37 

Ballast tank No. 8 port side 

Test cycle No. 5 

Date and time ballast start 2014.01.27 21:01 (local time, GMT-1) 

Date and time ballast stop 2014.01.27 22:18 (local time, GMT-1) 

Location for ballast (latitude/longitude) 
Porto Grande; Mindelo; Cape Verde 

Coordinates: 16⁰ 53.3 ‘N; 24⁰ 59.9 ‘W 

Weather conditions during ballast Wind 8-9 m/s; N.b.E; wave height 0.5 m 

Treated volume during ballast 377 m
3
 

Flow rate during ballast (calculated) 294 m
3
/h 

Power consumption during ballast 24 kWh 

UV intensity during ballast 500 W/m
2
 

Date and time de-ballast start 2014.01.29 20:53 (local time, GMT-1) 

Date and time de-ballast stop 2014.01.29 21:36 (local time, GMT-1) 

Location for de-ballast 
(latitude/longitude) 

Porto da Praia; Praia; Cape Verde 
Coordinates: 14⁰ 54.5 ‘N; 23⁰ 30.0 ‘W 

Weather conditions Wind 4-6 m/s; N.b.E;  wave height 0 m 

Treated volume during de-ballast 180 m
3
 

Flow rate during de-ballast (calculated) 251 m
3
/h 

Power consumption during de-ballast 14 kWh 

UV intensity during de-ballast 500 W/m
2
 

General comments/operational issues 

During BWMS start-up for the de-ballast operation, an alarm occurred: 
“Fault lamp driver in UV unit#1; Lamp fault No. 29”. The UV lamps were 
reset and hereafter no more alarms occurred. Weather conditions during 
voyage from Mindelo to Praia, Cape Verde:12-20 m/s N.b.E; wave height 
2 m 

 



  

EAT/11812728/Biological efficacy performance evaluation in shipboard test/RayClean/Final report/2014.10.23 A.2-9 

Table A.2.5.2 Data logging control water, shipboard test cycle No. 5 

Subject Data 

Salinity (PSU) 37 

Ballast tank No. 8 starboard side 

Date and time ballast start 2014.01.27 19:30 (local time, GMT-1) 

Date and time ballast stop 2014.01.27 20:56 (local time, GMT-1) 

Location for ballast (coordinates) 
Porto Grande; Mindelo; Cape Verde 

Coordinates: 16⁰ 53.3 ‘N; 24⁰ 59.9 ‘W 

Volume during ballast (approx.)* 391 m
3
 

Flow rate during ballast (calculated)* 273 m
3
/h 

Date and time de-ballast start 2014.01.29 22:10 (local time, GMT-1) 

Date and time de-ballast stop 2014.01.29 22:31 (local time, GMT-1) 

Location for de-ballast (coordinates) 
Porto da Praia; Praia; Cape Verde 
Coordinates: 14⁰ 54.5 ‘N; 23⁰ 30.0 ‘W 

Volume during de-ballast* 146 m
3
 

Flow rate during de-ballast (calculated)* 417 m
3
/h 

General comments/operational issues RayClean installation bypassed during ballast operation of control water. 

* Volume recording and associated flow rate based on the vessel’s ballast tank level gauging system. 
Recordings may be uncertain as a result of heeling of the vessel. 

Table A.2.5.3 Onsite measurements, shipboard test cycle No. 5 (standard deviations in 
parentheses) 

Water type 

Dissolved 

oxygen 

(mg/L) 

pH 
Salinity 

(PSU) 

Temperature 

(°C) 

Turbidity 

(NTU) 

Inlet control 6.1 (±0.07) 8.2 (±0.00) 37 (±0.01) 22 (±0.01) 4.3 (±0.38) 

Inlet BWMS 6.1 (±0.29) 8.2 (±0.01) 37 (±0.01) 22 (±0.00) 4.0 (±0.00) 

Control discharge 6.8 (±0.02) 8.1 (±0.00) 37 (±0.01) 23 (±0.00) 3.0 (±0.00) 

Treated discharge 6.5 (±0.07) 8.1 (±0.00) 37 (±0.02) 23 (±0.00) 3.3 (±0.58) 

PSU Practical salinity units 
NTU Nephelometric turbidity units 
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A.4.1 Sample temperature logging during storage and 
transportation 

Table A.4.1.1 Test cycle No. 1. Sample temperature logging from sampling to analysis in the DHI 
Environmental Laboratory 

Test 

cycle 
Sample type 

Temperature logging (°C) Hours from 

sampling to 

analysis/incubation 

initiated 

Storage on 

location 

Transportation 

to DHI 

Storage on 

DHI 

No. 1 

Organisms ≥10 and < 50 
µm (Lugol’s solution) 

7.4 
(1.7-13) 

15 
(13-16) 

4.0 
Not relevant, 

samples preserved 

Organisms ≥10 and < 50 
µm (CMFDA/FDA) 

7.4 
(1.7-13) 

15 
(13-16) 

4.0 30 hours 

Organisms ≥10 and < 50 
µm (re-growth); Inlet  

7.4 
(1.7-13) 

15 
(13-16) 

- 34 hours 

Organisms ≥10 and < 50 
µm (re-growth); 
discharge 

- 25 hours 

Vibrio cholerae; inlet 
7.4 

(1.7-13) 
15 

(13-16) 

4.0 41 hours 

Vibrio cholerae; 
discharge 

4.0 32 hours 

Table A.4.1.2 Test cycle No. 2. Sample temperature logging from sampling to analysis in the DHI 
Environmental Laboratory 

Test 

cycle 
Sample type 

Temperature logging (°C) Hours from 

sampling to 

analysis/incubation 

initiated 

Storage on 

location 

Transportation 

to DHI 

Storage on 

DHI 

No. 2 

Organisms ≥10 and < 50 
µm (Lugol’s solution) 

2.4 
(0.4-5.2) 

9.7 
(8.2-13) 

4.0 
Not relevant, 

samples preserved 

Organisms ≥10 and < 50 
µm (CMFDA/FDA) 

2.4 
(0.4-5.2) 

9.7 
(8.2-13) 

- 34 hours 

Organisms ≥10 and < 50 
µm (re-growth); Inlet 

2.4 
(0.4-5.2) 

9.7 
(8.2-13) 

- 72 hours 

Organisms ≥10 and < 50 
µm (re-growth); 
discharge 

- 36 hours 

Vibrio cholerae; inlet 
2.4 

(0.4-5.2) 
9.7 

(8.2-13) 

- 70 hours 

Vibrio cholerae; 
discharge 

- 34 hours 
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Table A.4.1.3 Test cycle No. 3. Sample temperature logging from sampling to analysis in the DHI 
Environmental Laboratory 

Test 

cycle 
Sample type 

Temperature logging (°C) Hours from 

sampling to 

analysis/incubation 

initiated 

Storage on 

location 
Transportation 

to DHI 

Storage on 

DHI 

No. 3 

Organisms ≥10 and < 50 
µm (Lugol’s solution) 

2.4 
(0.4-5.2) 

9.7 
(8.2-13) 

4.0 
Not relevant, 

samples preserved 

Organisms ≥10 and < 50 
µm (CMFDA/FDA) 

2.4 
(0.4-5.2) 

9.7 
(8.2-13) 

- 29 hours 

Organisms ≥10 and < 50 
µm (Re-growth); Inlet  

2.4 
(0.4-5.2) 

9.7 
(8.2-13) 

- 72 hours 

Organisms ≥10 and < 50 
µm (re-growth); 
discharge 

- 31 hours 

Vibrio cholerae; inlet 
2.4 

(0.4-5.2) 
9.7 

(8.2-13) 

- 70 hours 

Vibrio cholerae; 
discharge 

- 34 hours 

Table A.4.1.4 Test cycle No. 4. Sample temperature logging from sampling to analysis in the DHI 
Environmental Laboratory 

Test 

cycle 
Sample type 

Temperature logging (°C) Hours from 

sampling to 

analysis/incubation 

initiated 

Storage on 

location 
Transportation 

to DHI 

Storage on 

DHI 

No. 4 

Organisms ≥10 and < 50 
µm (Lugol’s solution) 

6.6 
(3.0-18) 

14 
(12-15) 

4.0 
Not relevant, 

samples preserved 

Organisms ≥10 and < 50 
µm (CMFDA/FDA) 

5.8 
(3.5-16) 

10 
(8.5-14) 

4.0 63 hours 

Organisms ≥10 and < 50 
µm (Re-growth); Inlet  

5.8 
(3.5-16) 

10 
(8.5-14) 

- 101 hours 

Organisms ≥10 and < 50 
µm (re-growth); 
discharge 

- 53 hours 

Vibrio cholerae; inlet 
6.6 

(3.0-18) 
14 

(12-15) 

- 101 hours 

Vibrio cholerae; 
discharge 

 53 hours 
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Table A.4.1.5 Test cycle No. 5. Sample temperature logging from sampling to analysis in the DHI 
Environmental Laboratory 

Test 

cycle 
Sample type 

Temperature logging (°C) Hours from 

sampling to 

analysis/incubation 

initiated 

Storage on 

location 

Transportation 

to DHI 

Storage on 

DHI 

No. 5 

Organisms ≥10 and < 50 
µm (Lugol’s solution) 

6.6 
(3.0-18) 

14 
(12-15) 

4.0 
Not relevant, 

samples preserved 

Organisms ≥10 and < 50 
µm (CMFDA/FDA) 

5.8 
(3.5-16) 

10 
(8.5-14) 

4.0 58 hours 

Organisms ≥10 and < 50 
µm (re-growth); inlet  

5.8 
(3.5-16) 

10 
(8.5-14) 

- 96 hours 

Organisms ≥10 and < 50 
µm (re-growth); 
discharge 

- 48 hours 

Vibrio cholerae; inlet 
6.6 

(3.0-18) 
14 

(12-15) 

- 96 hours 

Vibrio cholerae; 
discharge 

 48 hours 
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A.4.2 Physical-chemical parameters 

Table A.4.2.1 Measurements of total suspended solids (TSS) 

Test 

cycle 
Water type 

TSS (mg/L) 

FR1 FR2 FR3 AVG STD 

No. 1 

Inlet 81 88 75 81 ±6.7 

Control discharge 54 42 44 47 ±6.2 

Treated discharge 23 21 16 20 ±3.3 

No. 2 

Inlet 16 13 13 14 ±1.9 

Control discharge 7.1 7.2 * 7.2 - 

Treated discharge 5.5 7.2 8.2 6.9 ±1.4 

No. 3 

Inlet 16 13 13 14 ±1.9 

Control discharge 7.1 7.2 * 7.2 ±0.08 

Treated discharge 7.4 6.3 14 9.2 ±4.1 

No. 4 

Inlet 7.4 9.8 5.8 7.7 ±2.0 

Control discharge 13 7.8 8.6 9.7 ±2.6 

Treated discharge 5.6 8.9 4.8 6.4 ±2.2 

No. 5 

Inlet 6.5 6.8 5.3 6.2 ±0.80 

Control discharge 6.9 7.1 7.1 7.1 ±0.12 

Treated discharge 10 5.0 4.8 6.7 ±3.1 

FR Field replicate 
AVG Average 
STD Standard deviation 
* Sample lost 

Table A.4.2.2 Measurements of particulate organic carbon (POC) 

Test 

cycle 
Water type 

POC (mg/L) 

FR1 FR2 FR3 AVG STD 

No. 1 

Inlet 0.99 1.4 1.4 1.2 ±0.22 

Control discharge 1.2 0.73 0.77 0.90 ±0.26 

Treated discharge 0.63 0.47 0.55 0.55 ±0.08 

No. 2 

Inlet 0.21 0.59 0.61 0.47 ±0.23 

Control discharge 0.36 <0.1 0.32 0.26 ±0.14 

Treated discharge <0.1 0.52 <0.1 0.24 ±0.24 

No. 3 

Inlet 0.21 0.59 0.61 0.47 ±0.23 

Control discharge 0.36 <0.1 0.32 0.26 ±0.14 

Treated discharge 0.48 0.20 0.13 0.27 ±0.19 

No. 4 

Inlet <0.1 <0.1 <0.1 <0.1 - 

Control discharge <0.1 <0.1 <0.1 <0.1 - 

Treated discharge 0.13 <0.1 <0.1 0.11 ±0.02 

No. 5 

Inlet <0.1 <0.1 <0.1 <0.1 - 

Control discharge <0.1 <0.1 <0.1 <0.1 - 

Treated discharge <0.1 <0.1 <0.1 <0.1 - 

FR Field replicate 
AVG Average 
STD Standard deviation 
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Table A.4.2.3 Measurements of particulate organic carbon (DOC) 

Test 

cycle 
Water type 

DOC (mg/L) 

FR1 FR2 FR3 AVG STD 

No. 1 

Inlet 1.1 0.91 0.75 0.90 ±0.15 

Control discharge 0.74 0.98 0.79 0.84 ±0.13 

Treated discharge 0.69 0.77 0.75 0.74 ±0.04 

No. 2 

Inlet 5.1 2.6 2.5 3.4 ±1.5 

Control discharge 1.6 2.0 1.7 1.7 ±0.26 

Treated discharge 6.0 2.4 2.0 3.5 ±2.2 

No. 3 

Inlet  5.1 2.6 2.5 3.4 ±1.5 

Control discharge 1.6 2.0 1.7 1.7 ±0.26 

Treated discharge 4.1 1.9 2.0 2.7 ±1.2 

No. 4 

Inlet 3.2 2.7 1.1 2.4 ±1.1 

Control discharge 1.1 1.1 0.94 1.0 ±0.09 

Treated discharge 1.0 1.2 1.5 1.2 ±0.23 

No. 5 

Inlet 1.3 1.0 0.93 1.1 ±0.23 

Control discharge 1.1 1.0 1.0 1.0 ±0.05 

Treated discharge 1.4 1.2 1.0 1.2 ±0.20 

FR Field replicate 
AVG Average 
STD Standard deviation 

Table A.4.2.4 Concentration of mineral materials (MM). Concentration determined as the difference 
between the total suspended solids (TSS) and the particulate organic carbon (POC). 

Test 

cycle 
Water type 

MM (mg/L) 

FR1 FR2 FR3 AVG STD 

No. 1 

Inlet 80 87 73 80 ±6.7 

Control discharge 53 42 44 46 ±5.9 

Treated discharge 22 20 16 19 ±3.2 

No. 2 

Inlet 16 12 12 13 ±2.1 

Control discharge 6.7 7.1 -* 6.9 - 

Treated discharge 5.4 6.6 8.1 6.7 ±1.4 

No. 3 

Inlet 16 12 12 13 ±2.1 

Control discharge 6.7 7.1 -* 6.9 - 

Treated discharge 6.9 6.1 14 8.9 ±4.3 

No. 4 

Inlet 7.3 9.7 5.7 7.6 ±2.0 

Control discharge 13 7.7 8.5 9.6 ±2.6 

Treated discharge 5.5 8.8 4.7 6.3 ±2.2 

No. 5 

Inlet 6.4 6.7 5.2 6.1 ±0.80 

Control discharge 6.8 7.0 7.0 7.0 ±0.12 

Treated discharge 10 4.9 4.7 6.6 ±3.1 

FR Field replicate 
AVG Average 
STD Standard deviation 
* TSS sample lost 
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Table A.4.2.5 Measurements of UV transmittance (UV-T) 

Test 

cycle 
Water type 

UV-T (%) 

FR1 FR2 FR3 AVG STD 

No. 1 

Inlet 72 67 72 70 ±2.5 

Inlet 
0.2-µm filtered 

96 96 97 96 ±0.67 

Treated discharge 87 89 88 88 ±0.95 

Treated discharge 
0.2-µm filtered 

97 96 97 97 ±0.50 

No. 2 

Inlet control 80 79 81 80 ±0.75 

Inlet control 
0.2-µm filtered 

89 92 91 91 ±1.4 

Inlet BWMS 45 55 59 53 ±7.1 

Inlet BWMS 
0.2-µm filtered 

93 93 92 93 ±0.80 

Treated discharge 86 87 85 86 ±0.81 

Treated discharge 
0.2-µm filtered 

94 94 93 94 ±0.55 

No. 3 

Inlet control 80 79 81 80 ±0.75 

Inlet control 
0.2-µm filtered 

89 92 91 91 ±1.4 

Inlet BWMS 79 68 66 71 ±7.1 

Inlet BWMS 
0.2-µm filtered 

90 91 92 91 ±0.67 

Treated discharge 86 85 81 84 ±2.5 

Treated discharge 
0.2-µm filtered 

94 92 94 93 ±0.96 

No. 4 

Inlet 95 96 * 96 - 

Inlet 
0.2-µm filtered 

93 100 * 97 - 

Treated discharge 97 97 96 97 ±0.56 

Treated discharge 
0.2-µm filtered 

98 99 99 98 ±0.64 

No. 5 

Inlet 92 92 93 92 ±0.36 

Inlet 
0.2-µm filtered 

98 96 95 96 ±1.6 

Treated discharge 90 95 94 93 ±2.8 

Treated discharge 
0.2-µm filtered 

99 96 98 98 ±1.8 

FR Field replicate 
AVG Average 
STD Standard deviation 
* Sample lost 
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A.4.3 Organism size class ≥50 µm 

Table A.4.3.1 Enumeration of viable organisms ≥50 µm and sample volumes 

Test 

cycle 
Water type 

Organisms ≥50 µm 

FR1 FR2 FR3 AVG STD 

m
3
 org/m

3
 m

3
 org/m

3
 m

3
 org/m

3
 org/m

3
 org/m

3
 

No. 1 

Inlet 1.5 96,422 1.5 94,167 1.7 85,335 91,975 ±5,859 

Control discharge 1.2 60,580 1.2 72,240 1.2 82,269 71,696 ±10,855 

Treated discharge 3.1 9.1 3.1 2.3 3.1 4.2 5.2 ±3.5 

No. 2 

Inlet 1.2 5,810 1.2 6,163 1.2 6,629 6,201 ±411 

Control discharge 1.2 6,083 1.2 4,286 1.2 3,100 4,489 ±1,502 

Treated discharge 3.3 11 3.2 10 3.2 7.4 9.4 ±1.8 

No. 3 

Inlet 1.2 5,810 1.2 6,163 1.2 6,629 6,201 ±411 

Control discharge 1.2 6,083 1.2 4,286 1.2 3,100 4,489 ±1,502 

Treated discharge 3.2 3.8 3.1 1.6 3.1 0.32 1.9 ±1.7 

No. 4 

Inlet 1.5 5,572 1.5 5,387 1.5 5,641 5,533 ±131 

Control discharge 1.1 1,299 1.1 2,040 1.1 2,171 1,837 ±470 

Treated discharge 3.1 0 3.1 0 3.0 0 0 - 

No. 5 

Inlet 1.7 8,217 1.7 6,561 1.7 5,664 6,814 ±1,295 

Control discharge 1.1 1,133 1.1 897 1.0 1,102 1,044 ±128 

Treated discharge 3.0 0 3.0 0 3.0 0 0 - 

FR Field replicate 
AVG Average 
STD Standard deviation 
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Table A.4.3.2 Organisms ≥50 µm identified in inlet and control discharge water  

Phylum/subphylum Species 
Test cycle 

No. 1 No. 2 and 3 No. 4 No. 5 

Annelida 
Polychaeta sp. X X X X 

Polydora sp. X    

Bryozoa Bryozoa sp.  X   

Chaetognatha Chaetognatha sp. X    

Cilliophora 
Cilliophora sp. X X   

Tintinnid sp.  X   

Cnidaria Anthozoa sp.   X  

Crustacea 

Acartia sp. X    

Amphipoda sp. X    

Balanus sp. X X X X 

Carcinus zoea X    

Centropages sp. X    

Cyclopoida sp. X    

Decapoda sp.    X 

Harpacticoid sp. X X X X 

Isopoda sp. X   X 

Mysidacea sp. X    

Oithona similis  X   

Oithona sp. X  X X 

Oncaea sp. X  X X 

Paracalunus sp. X  X X 

Pseudocalanus minutus  X   

Pseudocalanus sp.   X X 

Temora longicornis    X 

Temora sp.   X  

Dinophyceae Dinophyceae sp.  X   

Echinodermata Echinodermata sp.   X  

Mollusca 
Bivalve veliger X X X X 

Gastropod veliger X X X X 

Nematoda Nematoda sp.  X   

Rotifera 
Rotifera sp.   X  

Synchaeta sp.  X   

Urochordata Larvacea sp.  X   
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A.4.4 Organism size class ≥10 and <50 µm 

Table A.4.4.1 Enumeration of viable organisms ≥10 µm and <50 µm by microscopy. The 
concentrations of motile organisms without chlorophyll are included in the total number 
of organisms. 

Test 

cycle 
Water type 

≥10 µm and <50 µm (organisms/mL) 

Total number of organisms 
Motile organisms without 

chlorophyll 

FR1 FR2 FR3 AVG STD FR1 FR2 FR3 AVG STD 

No. 1 

Inlet 284 334 505 375 ±116 - - - - - 

Control discharge 148 157 142 149 ±7.6 2.0 5.0 2.0 3.0 ±1.7 

Treated discharge 4.0 5.0 6.0 5.0 ±1.0 0 0 0 0 - 

No. 2 

Inlet 100 98 100 99 ±1.0 - - - - - 

Control discharge 109 119 91 106 ±14 13 16 12 14 ±1.9 

Treated discharge 4.0 4.5 5.0 4.5 ±0.50 0.50 0 0 0.17 ±0.29 

No. 3 

Inlet 100 98 100 99 ±1.0 - - - - - 

Control discharge 109 119 91 106 ±14 13 16 12 14 ±1.9 

Treated discharge 2.5 2.0 2.5 2.3 ±0.29 0 0 0 0 - 

No. 4 

Inlet  83 109 201 131 ±62 - - - - - 

Control discharge 13 19 18 16 ±2.9 1.5 1.0 1.5 1.3 ±0.29 

Treated discharge 1.0 1.5 0 0.83 ±0.76 0 0 0 0 - 

No. 5 

Inlet 94 129 187 137 ±47 - - - - - 

Control discharge 20 19 21 20 ±1.1 0 0 0 0 - 

Treated discharge 0.50 0.75 0 0.42 ±0.38 0 0 0 0 - 

FR Field replicate 
AVG Average 
STD Standard deviation 
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Table A.4.4.2 Determination of algal re-growth by the most probable number (MPN) assay 

Test 

cycle 
Water type 

Viable algae (organisms/mL) 

FR1 FR2 FR3 AVG STD 

No. 1 

Inlet >160 >160 >160 >160 - 

Control discharge >160 >160 >160 >160 - 

Treated discharge 
0.20 

(0.03-1.4) 
<0.18 

0.93 
(0.32-2.7) 

0.44 ±0.43 

No. 2 

Inlet >160 >160 >160 >160 - 

Control discharge >160 >160 >160 >160 - 

Treated discharge 
0.20 

(0.03-1.4) 
<0.18 <0.18 0.19 ±0.01 

No. 3 

Inlet >160 >160 >160 >160 - 

Control discharge >160 >160 >160 >160 - 

Treated discharge 
0.20 

(0.03-1.4) 
0.20 

(0.03-1.4) 
0.45 

(0.11-1.8) 
0.28 ±0.14 

No. 4 

Inlet >160 
92 

(29-290) 
>160 137 ±39 

Control discharge >160 
92 

(29-290) 
>160 137 ±39 

Treated discharge 
0.20 

(0.03-1.4) 
<0.18 <0.18 0.19 ±0.01 

No. 5 

Inlet >160 
160 

(54-480) 
92 

(29-290) 
137 ±39 

Control discharge 
160 

(54-480) 
>160 >160 >160 - 

Treated discharge <0.18 <0.18 <0.18 <0.18 - 

FR Field replicate 
AVG Average 
( ) 95% confidence interval 
STD Standard deviation 
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Table A.4.4.3 Algal taxa and species identified in inlet water and their capability for growth under the 
conditions applied in the algal re-growth assay 

Phylum/ 

subphylum 
Species 

Test cycle 

No. 1 

Test cycle 

Nos. 2 and 3 

Test cycle 

No. 4 

Test cycle 

No. 5 

Capable of 

growing in 

re-growth 

assay 

Bacillariophyceae 

Amphiprora paludosa  X    

Amphiprora sp.    X X 

Asterionellapsis glacialis  X   X 

Chaetoceros affinis X    X 

Chaetoceros curvisetus X X   X 

Chaetoceros debilis  X   X 

Chaetoceros didymus  X    

Chaetoceros socialis  X   X 

Coscinodiscus radiata  X   X 

Cymbella spp.  X   X 

Ditylum brightwellii  X   X 

Dactyliosen fragilissimus X    X 

Eucampia zodiacus X X X   

Guinardia delicatula X    X 

Lauderia annulata X X   X 

Leptocylindrus danicus X X   X 

Melosira nummuloides  X   X 

Nitzschia 

longissima/Cylindrotheca 

closterium 

X X  

 

X 

Nitzschia paleacea X    X 

Nitzschia sp.   X X X 

Odontella mobiliensis X X   X 

Paralia sulcata X    X 

Pleurosigma elongatum X X   X 

Pleurosigma sp.   X  X 

Porosira glacialis  X   X 

Porosira stelliger X     

Pseudonitzschia spp. X    X 

Rhizosolenia delicatula  X    

Rhizosolenia styliformis X    X 

Skeletonema costatum  X   X 

Stephanopyxis turris  X   X 

Chlorophyceae Tetraselmis sp. X    X 

Dinophyceae 

Alexandrium sp.   X   

Gymnodinium aureolum    X  

Gymnodinium spp.   X  X 

Gyrodinium spirale  X   X 

Heterocapsa triquetra   X X X 

Prorocentrum micans  X   X 

Protoperidinium brevipes X     
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A.4.5 Organism size class <10 µm (bacteria) 

Table A.4.5.1 Enumeration of enterococci 

Test 

cycle 
Water type 

Enterococci (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

No. 1 

Inlet 65 43 32 - - - - - - 47 ±17 

Control discharge 21 21 32 - - - - - - 25 ±6.4 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

No. 2 

Inlet 32 98 690 - - - - - - 273 ±362 

Control discharge 110 130 98 - - - - - - 113 ±16 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

No. 3 

Inlet 32 98 690 - - - - - - 273 ±362 

Control discharge 110 130 98 - - - - - - 113 ±16 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

No. 4 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

No. 5 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 

Table A.4.5.2 Enumeration of E. coli 

Test 

cycle 
Water type 

E. coli (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

No. 1 

Inlet 590 540 120 - - - - - - 417 ±258 

Control discharge 170 230 180 - - - - - - 193 ±32 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

No. 2 

Inlet 370 290 3,900 - - - - - - 1,520 ±2,062 

Control discharge 440 780 850 - - - - - - 690 ±219 

Treated discharge 53 110 110 <10 <10 <10 10 10 10 37 ±44 

No. 3 

Inlet 370 290 3,900 - - - - - - 1,520 ±2,062 

Control discharge 440 780 850 - - - - - - 690 ±219 

Treated discharge <10 <10 10 <10 <10 <10 <10 10 10 <10 - 

No. 4 

Inlet 53 10 10 - - - - - - 24 ±25 

Control discharge 10 160 170 - - - - - - 113 ±90 

Treated discharge 52 76 52 <10 76 220 150 250 76 107 ±82 

No. 5 

Inlet 21 <10 <10 - - - - - - 14 ±6.4 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
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Table A.4.5.3 Enumeration of Vibrio cholerae 

Test 

cycle 
Water type 

Vibrio cholerae (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

No. 1 

Inlet Absent Absent Absent - - - - - - - - 

Control discharge Absent Absent Absent - - - - - - - - 

Treated discharge Absent Absent Absent Absent Absent Absent Absent Absent Absent - - 

No. 2 

Inlet Absent Absent Absent - - - - - - - - 

Control discharge Absent Absent Absent - - - - - - - - 

Treated discharge Absent Absent Absent Absent Absent Absent Absent Absent Absent - - 

No. 3 

Inlet Absent Absent Absent - - - - - - - - 

Control discharge Absent Absent Absent - - - - - - - - 

Treated discharge Absent Absent Absent Absent Absent Absent Absent Absent Absent - - 

No. 4 

Inlet Absent Absent Absent - - - - - - - - 

Control discharge Absent Absent Absent - - - - - - - - 

Treated discharge Absent Absent Absent Absent Absent Absent Absent Absent Absent - - 

No. 5 

Inlet Absent Absent Absent - - - - - - - - 

Control discharge Absent Absent Absent - - - - - - - - 

Treated discharge Absent Absent Absent Absent Absent Absent Absent Absent Absent - - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
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APPENDIX 5 

Test report from Statens Serum Institut (SSI)  
for verification of Vibrio cholerae.  

Inlet, control discharge and treated discharge water  
from shipboard test cycles Nos. 4 and 5 
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APPENDIX 6 

Quality control and quality assurance for performance 
evaluation in shipboard testing with RayClean 
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Quality control and 

quality assurance 
Description Overall responsible 

Quality control, data from 
laboratory analyses and 
database entries 

All results related to samples and laboratory 
analyses are stored in relevant databases. All 
data entries in databases have been quality 
controlled. 

Laboratory records are filed in the DHI 
archives. 

Last data entry 

 

2014.02.06 

Camilla Hedberg 

Quality control, onsite 
data from shipboard 
testing 

Onsite data records are filed in the DHI 
archives. 

Filing of onsite data records 

 

2014.04.02 

Camilla Hedberg 

Quality control, interim 
reports and final report 

All data related to a specific test cycle have 
been reported in interim test cycle reports 
except for test cycles Nos. 4 and 5, which were 
only reported in the final report. Reports have 
been written by members of the project team 
upon completion of quality control of all data 
sets. All data sets in interim test cycle reports 
and final report have been quality controlled.  

Quality control interim reports 
and final report  

 

2014.04.02 

Camilla Hedberg, Michael 
Andersen 

Quality control, final 
report  

Data and data interpretation related to the 
present performance evaluation have been 
quality controlled, and all data are truly and 
accurately presented in the final report.  

Quality control, final report 

 

2014.10.13 

Torben Madsen 

Quality assurance, final 
report 

The performance evaluation has been 
conducted in accordance with the QMP, 
QAPP, the Test Plan and the DHI SOPs. 

The performance evaluation was conducted in 
compliance with the IMO G8 guidelines and 
ETV protocol.  

Quality assurance of project 

 

2014.10.17 

Louise Schlüter 
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